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ABSTRACT 


The effect of equatorial substituents, vicinal to the 
aglyconic carbon atom, on the preferred orientations for a 
6-membered aglycon about the glycosidic bond system in 
solution is systematically investigated. 

Data based on optical rotation and carbon-13 natural 
abundance studies of cyclohexyl D-glucopyranosides, sub- 
Stituted (1'R)- and (1'S)-trans-2'-cyclohexyl D-glucopyrano- 
Sides and (2'R)-trans-(6'S)-trans-dimethylcyclohexyl D- 
glucopyranosides is presented and discussed in terms of the 
rotameric preferences for the orientation of the aglycon 
about the glucosidic linkage. It is found that these data 
Cansbest be treated from a consideration of the three 
staggered conformers for the aglycon about the C-1' to O-1!' 
bond, with the aglyconic carbon atom in all compounds 
assumed, by reason of the exo anomeric effect, to be gauche 
LO the pyranoid ring oxygen. atom. 

The nature of the equatorial substituent in the 2' 
position of the cyclohexyl aglycon was changed from methyl, 
tovhydroxyl, £0 chloro, to examine both the erfects oft 
changes in space requirements on the possible steric inter- 
actions and changes in the polarity of the substituent on 
possible dipole interactions, in the three staggered rota- 
mers. 


The 6~deoxy derivatives of the above mentioned cyclo- 
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synthesized and their optical rotations measured to study 
thesetfectswor substitution on the orientation of the exo-= 
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A. Conformational analysis of di- and polysaccharides 
ert rere ee ee et ee Se SG polysaccnariaes 


One of the most important functions of poly- 
Saccharides in Nature is their ability to form gels ina 
wide variety of situations within the bacterial, plant and 
animal kingdoms. Their important biological functions can 
De seein the formation of the cell plate during division 
of plant cells (hence they contribute to wall texture and 
regulation of cell growth), in animal fluids and connective 
tissues, and in the bacterial capsule. They also have 
widespread commercial uses; particularly in foodstuffs, 
COSMETICS, paper and textiles (1). 

Gel formation can be explained simply as involv- 
ing the association of chain segments of polymer molecules 
into a three dimensional framework that contains solvent 
in the interstices. These associated regions are known as 
junction zones and may be formed from two or more polymeric 
chains. The mechanism of gel formation, hence the physical 
and biological properties associated with them, can wait) 
be understood if the precise molecular arrangements and 
forces in the junction zones are Known (1). The problem 
Can further be reduced to a. better understanding of poly- 


Saccharide conformations which would then lead to a better 
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understanding of the nature of molecular interactions be- 
tween polymers, including oligosaccharide antigenic deter- 
mMinants with antibodies (proteins). 

Of crucial importance to the understanding of 
polysaccharide conformations is a knowledge of all the 
possible conformations about the inter-glycosidic linkages 
which are formed between two sugar residues (2). Recently, 
homopolymers of glucopyranose, galactopyranose, manno- 
pyranose and arabinopyranose with various positions and 
configurations of linkage have been compared by model- 
Dumlding gyi thie aid som a computer “in anpattempt to’ faci-— 
litate the prediction of simple rules for polysaccharide 
conformational analysis and possible correlation with bio- 
LOGwCatmacer vty | (3), 

Basically, the method of computer model-building 
assumes that the conformational properties of polysaccha- 
rides can be determined from two factors: the conformations 
of the individual monosaccharide residues and the relative 
conformations of respective pairs of monosaccharide 
resicues linked -glycosidacaliy to each other .sehornsecaci 
monosaccharide unit a set of atomic co-ordinates is de- 
rived from standard values of bond lengths and angles from 
X-ray crystallographic data and the premise that common 
sugar residues in polysaccharides will favour the sco 


Conformation (4,5,6) The overall conformation of the 
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polysaccharide chain would then depend only on the angles 
of rotation about the two bonds to each glycosidic oxygen 
atom. These rotational angles, termed 4 and yw, are illus- 
trated for the §-D-cellobiose residue shown in Fig. 1 and 
are represented by the torsion angles C-4'/H-1 and C-1/H-4', 


respectively. 





H-l a: 
@ WV 
Fig. 1: The positive torsion angles, ¢ and #, for the 
B-D-cellobiose residue. The angles are positive since in 


each case the reference atoms describe a right-handed screw 
pattern = (/)-. 
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The numbering scheme employed in Eigse Lor toe 
B-D-cellobiose residue is used throughout the remainder of 
this thesis. The atoms of the non-reducing sugar (glyco- 
Sidic portion) are assigned unprimed numbers; those of the 
reducing portion (or the aglycon when Bete wweng CO, tox, 
example, methyl or cyclohexyl D-glycopyranosides) are 
given primed numbers. In O-qlycosides, the oxygen atom of 
the glycosidic bond is considered to be derived from the 
aglycon (or the reducing sugar where applicable) and, con- 
sequently, is numbered O'. The rotation used to denote 
torsion angles, for example A/B, defines the angle between 
two vicinal atoms, A and B, about a directed bond. The 
Signs (positive or negative) of the torsion angles (see 
Fig. 1) are defined in the manner proposed by Brewster (7) 
and accepted by Klyne and Prelog (8). 

Co-ordinates which refer to any conformation 
(¢, ~) of the cellobiose residue are explored systemati- 
cally by the computer by rotation about the O-4' to c-4' 
bond (changes in ww) and about the O-4' to C-1 bond (changes 
in ¢) in intervals of 10° throughout a 360° arc. In this 
way, eV = 1296 possible conformations are sampled. New 
co-ordinates are then calculated and used to characterize 
each of these conformations in. terms!of.inftringement of 
van der Waals radii and deviation of van der Waals energy 
minimum. The results are expressed in the form of a "confor- 


mational map" which shows the combinations of 9 and y 
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‘giving*no infringement of van der Waals radii. Thus an 
approximate area for the most favourable polymer conforma- 
tion is estimated. The allowed values of 9» and » are then 
PULENeYre restricted pyecalcilation of energy minima within 


the" conformational map” (915) . 
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Figi»2:.The allowed (enclosed by solid lines) and 
marginally allowed (broken lines) conformations of the 8- 
D-cellobiose residue. The point, ®, corresponds to the 
Srystal SEructure of @-D-cellobiose andy that, sO mtoscne 
Hermans conformation of cellulose. Fully allowed confor- 
mations imply no non-bonded interactions between two atoms 
over distances less than the sum of their van der Waals 
radii. Marginally allowed conformations imply no non- 
bonded interactions over distances less than 0.9 times 
the sum of the van der Waals radii between two atoms. 
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An example of this computer model-building tech- 
nique as an aid to understanding polysaccharide conforma- 
tion is presented in Fig. 2 for cellulose (1,9). Of the 
1296 possible conformations for the 8-D-cellobiose residue 
of cellulose, 96% of these were rejected on the basis of 
steric compression of van der Waals radii. The remaining 
4% lie in a well defined region illustrated by means of 
the “conformational map" shown. It is thus not surprising 
thateche cellulose chain is* Semewhat stiff (16,17). On the 
basis of these computations, the conformation of 8-D-cello- 
biose in the crystalline state corresponding to (+42°, -18°) 
for (¢, wv) (18,19) was found to be near the energy minimum 
for non-bonded interactions, with the slight displacement 
toward higher potential energy favouring the formation of 
a hydrogen bond between O-5 and O-3'. Similar systematic 
exploracion.ofeall the possible conformations of cellulose 
Was considered to indicate (1,9) that the "Hermans" or 
"hent—-chaim contormation (20), corresponding tog (+25<; 
-~34°) for each (¢, wv), is the only one which is relatively 
free from non-bonded interactions and also permits hydro- 
gen bonding between O-5 and 0-3' of contiguous residues. 
The total van der Waals energy is raised a little above the 
disaccharide values to allow for the twofold screw axis and 


thus to permit efficient packing of the polymer chains. 
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In a survey of general polysaccharide types (8- 
and a-D-glucans, -D-galactans, -D-mannans and -D-arabinans) 
differing in linkage positions, Rees (3) proposed several 
generalizations pertaining to polysaccharide conformational 
analysis with the aid of computer model-building previously 
discussed. Since this thesis is concerned primarily with 
an examination of the conformations of anomeric D-gluco- 
pyranosides, Rees' (3) observations will be restricted to 
those involving 8- anda-D-glucans and -D-galactans. The 
observations will be further restricted by discussing only 
the conformations of the repeating disaccharide residues 
appearing in these polysaccharides. For example, observa- 
tions pertaining to g-D-glucans with 1-4' glucosidic 
linkages will’refer to the 4-0-(8-D-glucopyranosyl1) -s-D- 
glucopyranose residue. 

To qualitatively assess the effect that substi- 
Euent groups! on the vicinal carbon atoms of the «glycosidic 
linkage have on the allowed conformations about the glyco- 
Sidic bond in these D-glucans and D-galactans, the torsion 
angles (¢, w), denoting one particular conformation, were 
averaged numerically for each polysaccharide over all 
allowed conformations. These average torsion angles are 
denoted as 4 and » and are defined in a like manner to that 
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These calculations showed that the torsion angle 
$ was reasonably constant for most of the g-and a-linked 
disaccharide residues studied and was seen to be little 
affected by substituent groups on the carbons bonded to the 
carbon of the aglycon which forms the glycosidic linkage. 
Throughout sthis*théesis, “this carbonrwill be termed the 
ag lyconichcarbon ,Viniieontrast, to the other!carbon involved 
inea glycosidic linkage which is termed the anomeric carbon. 
Pheslis#shown piictoxrwalilyeiniFige 225 Relatively=large 
changes, however, were found to occur in the average values 
for » as the result of changes in the nature of the equa- 
hormakesubstituentsevicinalito the aglyconic carbon: The 
changes occurring in ~ were rationalized in terms of rota- 
tion of the aglycon (reducing sugar portion) away froma 


larger substituent interaction or towards a smaller inter- 


action. 
5 
ee 
rere (oy 
anomeric carbon ag iyConme es carbon 
Pig. ess) bactaal Glycosidi1c Structures snowingsthe 


anomeric and aglyconic carbon atoms. 


anierc3 ais. d6d@ Sewode. anoryelyelem aunt 


yo Jeon wh? 


‘om | 


IH6I00N> vertarcnailal eon Va 


es supl ees a 


} 
ot 


W) 


“4 









istdve, taped 





.0oitos — 


These conclusions regarding the effect of sub- 
stitutions on the carbons adjacent to the aglyconic carbon 
are well demonstrated by a consideration of the three 
staggered orientations for the aglycon (W = +60°, -60°, 
and 180°) in anomeric D-glycopyranosides where the value 
Corse wept ati60e. smin tiissnequra, it as well to keep 
inegahdetnat; the value of Gu= 60. is favoured not only “for 
steric reasons (minimum van der Waal conflict) but is also 
SeauliwZecasoyeLiemeromanomericrvertect 9(21). Thus, it is 
reasonable to assume that, in general, congestion arising 
in a given conformation will likely be relieved mainly by 
a change in w» rather than in 4 and that ¢ will remain near 
60ee 

Figure 4 provides conformational formulas for 
the three staggered orientations of a six-membered aglycon 
in a 8-D-glycopyranoside. These conformations here and 
throughout the thesis are referred to as the d, e and f 
COnfOLMatiOons. Vit is.difiicuite to presen’ proper icontor— 
mational formulas for these structures and it is best to 
use molecular models. Nevertheless, the formulas help to 
provide an appreciation of the important non-bonded inter- 
actions which occur as a result of the introduction of 
substituents on the carbons bonded to the aglyconic carbon. 
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if 
Fig. 4: Staggered conformations involving the changes 
in the torsion angle » for a §-D-glycopyranoside in the 


Cl contormation. 





2 Be 


is directed toward the anomeric hydrogen. This group is 
well away from the pyranose ring in conformers e and f. 
An equatorial substituent, E', causes no non-bonded inter- 
aCtLONSMLieCoOnrarmersad or 1, butestrong interactions in 


~ 


conformer e. Axial substituents do not interact with the 
pyranose ring except in conformer f, where the substituent 
A interacts strongly with the anomeric hydrogen and this 
conformation is ieee not important in any glycosidic 
Structure with oo Maintained, at 60°. 

Figure 5 provides the conformational formulas for 
an a-D-glycopyranoside with staggered orientations for the 
six-membered aglycon ring. It is seen that an equatorial 
substituent, E, has a strong non-bonded interaction with 
the pyranose ring in conformers d and f but not in confor- 
Mere eeeOnethe other hand ..an equatorial substituent, EY, 
will destabilize none of these conformations. Axial sub- 
stituents cause no interactions in conformer d, but a 
substituent at A' is unacceptable for conformer e. Substi- 


tution at both axial positions are forbidden for conformer 


ie 


~ 


A more detailed conformational analysis of these 
conformations is presented in the Discussion with reference 
: : : : 13 
to an attempt to rationalize optical rotation and Cae eta. 


data for the model compounds chosen for this study. 
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Fig. 5: Staggered conformations involving changes 


in the torsion angle w~ for an a-D-glycopyranoside in the 
GY conftormation. 
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B. Objectives of this study 


The preceding discussion has shown the importance 
of knowing the conformations about glycosidic linkages and 
the considerable interest shown in this basic problem of 
Carbohydrate conformational analysis.’ Yet, to date, no 
systematic investigations of the structural features which 
Can account for ther pmeterred values for the*torsion: angles 
¢? and »y have been made. This study was therefore concerned 
with the synthesis of a number of model compounds expected 
to be useful in this regard. 

The research was restricted to cyclohexyl a- and 
8B-D-glucopyranoside derivatives and a systematic study of 
the influences that equatorial substituents in the 2' and 
6" positions of the aglycon have on the preferred confor- 
mations about the glucosidic bond. The model compounds, as 
illustrated in Figs. 6-7, were also chosen for this study 
due to their close structural similarity to a- and g-linked 
disaccharides , if it is assumed that cyclohexane and 
pyranose ring geometries are similar. X-ray crystal struc- 
ture analyses of a number of sugar pyranoses indicate that 
the valence angle at the ring oxygen atom is mostly greater 
than that at the carbon atoms, which seems to counteract 
the effect of the two short carbon-oxygen bonds when com- 


pared with the carbon-carbon bonds of cyclohexane (2,5). 





EL we 








youse 2id} To eay tis Pde 4 
S ve 7 
= 


kt 


episivoqmt oft awivie sé GOLesuSeih pilhbegesa Gat 
nis Sopedril oi *tanoylio Guode enaigedsogziso ake pateoes wo 
20 felidowc otesd ]200 erimeveds ES be Tee 4 14h yibvaele ots - 
om .a85n6 of ,3J6Y ,Bteagrans Shae TROD Jeep etodase. 
i] 


- . hs ‘ 
intifw eauiites? Lovysowtee 29 to onnd¥spigeewnd) ole lameteye 


esivne morte: ail: xGz Lav De1se@iene it 90) cise Hee 7 7 
LATIeaie> ewtotsioert saw ffs i Heit tgenl 2ran ¢ Bae 


Desog9g xe *ierneqmoo foto io ati 5s 70 eieoddvvlh Se eee oo 


io “woniTee °* - a ' 3 7 2 StI A Tyee Hi leg : ; 
bis “S ote ct corn syed inode if esormuligk <a” % 
“f0%tnao Herteierg &t- “VEC “TOUYR ES att! 20° Bee Si 

a a 


oGinoD Lefty sDAOd SiG -JUlp og? gudda eign = 
> 


Ay 
-— 
c 
* 
~~ 
\ 
+ 
i 
i 
« 


2 He Gb & pt) 4 cot la patogee dS i 
“pate iedeyso yet-x .«ve{imic o1s csindemosp goiy opeaeiveen 
m : . 4 . a 
S002 O2604bni aaron spy caps Seacieaties «i hae oven Stil 
rod sll ses 
7 ~~ 
= J 








<i *UOTINTOS UT ShexUuTT OTptTsoontTS sy} ynoge 
4 Soetqyaedorzd TeuotzewxrOsUOD syz Fo Apnys e AOF ussoyo septsouezAdoonTo-q 79 *Htq 


TET atte Ze 
TO=,u‘ H=a BZ 
HO=,U‘H=Y 0Z 

MM fps a n= ZT 





oO H=, ¥=u1 v 
Yu 
O re. 

SHo=,u/ nosy O€ 2 
TO=, 0’ H=a zz (To=8 Te 
fno=, a Hee 9 HO=aU G 

Hey eae 

u Y 
,O 








BL 


aGadyvea0cerg Leaefsadcinos <.15 Giese « re : 2 
beet? & tol 46 (> 2ec,toan rye 
iculoe ct spade ll sai 


_ 
-_ 


as 


*soptsouerAdoontb-q TAxayotoxo 


fHo=,u/ HEY €¢ 
H=,4=ua 6€ 
oj 
,O 
a 
@) 
fy 
Creu eee sr. « he 
HO=,U‘H=u Ts 
H=,u4=a Le 
Pe 
,O 
-d oO 


oTzsuoue FO SOATFEATAZep Axoeq-9 :z4 °Stq 


CH=" OF 
.O 
a 

re) 
a) 
fHO=u PP 

a 4 
he OH 
0 
VY a: ue. 

— ae) 





16 


From this, it may be inferred that distances between the 
ring carbon atoms of the pyranose ring are not very 
different. from those in the regular cyclohexane ring. 
Furthermore, conformational free energy calculations (22) 
and X-ray and neutron diffraction studies (23) on hexo- 
pyranoid sugar derivatives with the gluco configuration 


Indveatesthat the 4 


Cy conformers are the more favoured 
form in solution. Thus, any changes occurring in the 
conformation about the glucosidic linkage from one model 
compound to another should be due solely to the nature of 
the sequatorially disposed substituents (R and R') on the 
aglycon, as the conformation of the glucose ring is expected 
to be the same-in—all cases. 

The principle measurement used is optical rotation 
Since it can be expected (24) that changes in the torsion 
angles denoted by ¢ and yy, as the result of changes in the 
VeatcuLec Or eR andoR, wouldystrongly afiect the sign and 
magnitude of this molecular property. However, the recent 
evidence for the profound chemical shifts for carbon-13 
atoms which occur through steric compression (25-30) 
Suggested sthat arbon—13 nel. ine COW Gua SOL Pik cusysec Lume y) 
assessing conformational changes. 

In view of the non-polar character of the methyl- 
CV .ClLOhexy Doaglycon Jtewasenoped that. the precerred: contor— 


MatlLOnseLon Compounds.) , 6, /9 and 12 would wesultymainly 
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from steric interactions and that the conformations found 
in the crystalline state could reflect those in aqueous 
solution.» sThererore, an effornt was made (31) to achieve 
the X-ray crystallographic structures for these model com- 
pounds as a possible aid in determining the conformations 
about the glucosidic bond system in these molecules. 

The nature of the equatorially oriented substi- 
tuents (Rend BR") was changed from methyl; to hydroxyl, to 
chloro, in order to examine the effects of both changes in 
space requirements on the possible steric interactions and 
of changes in the-polarity of the substituent on possible 
dipole interactions including intramolecular hydrogen bond- 
ing and hydrogen bonding with the solvent about the gluco- 
Sidic linkage. The 6-deoxy derivatives of the above 
mentioned glucopyranosides 37, 39, 44, 46, 51 and 53 were 
synthesized and their optical rotations measured to deter- 
mine whether or not the contribution by the exo-cyclic C-5 
hydroxymethyl group to molecular rotation remained constant 
with changes in the structure of the aglycon and changes in 
configuration at the anomeric center. 

It is necessary that the range of allowed values 
for the torsion angles 4 and y be restricted in order to 
facilitate the consideration of rotameric preferences about 
the glucosidic bond system. “Therefore, the remaining portion 


of this introduction will center mainly on observations and 
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physical evidence that restrict the number of possible con- 


formations about the glycosidic linkage to be considered. 


C. The prefered rotamers for the aglycon about the 


anomeric bond in a- and §-D-glycopyranosides 


Toe ne ero anomeric eriecc. 


The enhanced stability of electronegative (acetoxy, 
halogeno, and methoxy) substituents associated with the 
DEctenencesform axial Over equatorival substitution on C-1 of 
a pyranoid ring was first discussed by Edward (32) on the 
basis of assumed conformations. The preference for polar 
aglycon groups to assume an axial disposition was firmly 
established through n.m.r. studies (33), and the phenomenon 
temmedathe s"anomeric effect" by Lemieux and Chu (34,35). 

The term "generalized anomeric effect" was introduced (36) 
to explain similar observations in substituted tetrahydro- 
pyrans (37-43), steroids (44) and heterocyclic ring systems 
including 1,3- and 1,4-dioxanes (45-48), 1,4~-dithianes (49) 
andel, 4-thioxanes .(50). The many differing wiews (32,34-35, 
40,51-54) on the nature and origins of the anomeric effect 
have been the subject of a recent review by Martin (55) and 


are similarly discussed in a recent book by Stoddart (56) on 





ef 





“ 4 40 . rj s\« 1 . : i in Ts Ud, AT oan 


. ' ; at yi’ OS2MORS 
oh —— . Be spol Mi det 1 


ite ome. © oT oh 


avis spac ssae | 222e6an0 30T 
iW. Dates : Sims ivaawse jAorism bos onepofed 
jo f-D @ .sorous! +edvve 12s $216 201. onrete2ecg 
21fs Bletetya-s 
52 motio> Beatreeen go elesd 
fur ir ; LvSs Of aqeoty mpoyigs 
Npwywtiete seri (EE) re 7.5.0 jigoow)? Dedalldatem 
ite. wt und et vid ' ite orterioge” eels boorsad 
(ey Seguhottai wow “4es925. 5: Hie bev igssase" ied eee 
“Oth yes ys Ss fnl i Im Le RAMOS Tot o> 2hlimiu cietqxe’ eg 
aise ya Paes, wily ysores sx me (teh oyots , (i e~TE) eneayYe 
, RaMwiAsES~b. £ Ds tas eersxGit- ht tom oft onkigkoak a 





19 


carbohydrate conformational analysis. The anomeric effect 
has also been the subject of several recent theoretical 
investigations involving ab inttto quantum mechanical cal- 
culations for fluoromethanol (57) and methanediol (50-59) 
the simplest model compounds expected to show such an effect* 

When considering the preferred orientations of 
the aglycon in a- and 8-D-glycopyranosides, the aglycon 
Should tend to adopt the a-a and g-a conformations shown 
58 aks py Ags respectively, both for reasons of the anomeric 
effect and steric considerations (60-61). This apparent 
preference for the R group to adopt a syn-clinal orientation 
with respect to O-5 and antt-parallel to C-2 in anomeric 
D-glycopyranosides has been termed the exo anomeric effect 
by Lemieux, Pavia et al. (21). Indeed, xaLay Coy Stal lo— 
graphic studies (62-64) on a number of glycosidic structures 
have found the aglycons to be in thesesorientations. 
However, in solution, the possibility exists that other con- 
formations with staggered orientations for the aglycon about 
the anomeric center might be important and these also are 
Shown in Fig. 8. The relative importance of the three 
staggered orientations for the aglycon in D-glycopyranosides 
is discussed below with reference to the conformers for 
methyl a- and B-D-glucopyranoside . 

COMSI der, tirst of all, the staggered conformers 


for methyl a-D-glucopyranoside shown in Lug. 9 wk se Seen 
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at once that steric and non-bonded interactions strongly 
favour the a-a conformer. This follows since the a-c con- 
former not only does not conform to the stabilizing influence 
of the exo anomeric effect but has the methyl group in syn- 
diaxial~like relationship with the 2-hydroxyl group. Thus, 
it must be expected that the a-C conformer is over 4 Kcal/ 
mole; less stable than’ the a-a conformer. “In the case of 


(eso DeCOntormern,etne methytigrouplis in syn-diaxial—like 
relationship both with H-3 and H-5.., Thus, although this 
conformation has the benefit of the anomeric effect, it 
must also be several Kcal/mole less stable than the a-a 


conformer. Evidence based on optical rotation data will be 


presented) tater on which confirms these conclusions. 


OH OH 
OH © 
O Ee Ota 


HO hi 
HO HO | HO on 
On | einlye. . a 
ned Sl Hac 
3 3 CH, 
a b C 
Fig. 9: The three staggered conformers for the 


aglycon in methyl a-D-glucopyranoside. 


The situation with tegqard to thesseaqgered =con— 
formers for methyl 8-D-glucopyranoside shown in Fig. 10 is 
not,as Straignttorwara. in this case, the 8-c; conformer 


does not have the benefit of the exo anomeric effect and 
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has the methyl group in syn-diaxial-like relationship with 
the 2-hydroxy group. Clearly, this conformer is several 
Kcal/mole less stable than ae Although the 8-a and 8-b 
conformers must at this time be considered as equivalent 
with regard to the exo anomeric effect, steric considera- 
tions favour the B-a conformer over the g-c conformer. 
However tne driving force for the conversion of g—b to 
B-a cannot be expected to be more than about 2 Kcal/mole 


(that is, about the A value for a methyl group on a 


cyclohexane ring (56). Therefore, to assume that the B-b con- 
former has a negligible contribution requires experimental 
evidence. Evidence in support of this contention is pro- 


vided by a consideration of the rotations for the methyl 


glycopyranosides shown in Table l. 
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Figs 10; The three staggered conformers for the 
aglycon in methyl §-D-glucopyranoside. 
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TABLE 1 


A comparison of the molecular rotations for some methyl D- 


glycopyranosides and their corresponding D-glycopyranoses 











Molecular Rotations (°)* 





D-Glucopyranose Methyl D-glycopyranoside Drres 
MEUM yo Aiiaxe OPA O es 9 + LOW 
a PNaHitOe ht ADS +154 =e ah 
B-D-giuco + 64 =O G -100 
B-D=z7ianno —- 3 -135 -104 


* Values for the molecular rotations were reported in 
a paper by Lemieux and Martin (65) and references quoted 
therein. 
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As shown in this table, the differences in 
molecular rotation between the methyl §-D-glycopyranosides 
and their corresponding 8-D-glycopyranoses is constant at 
-102 + 2°. If the 8-b conformer existed to any appreciable 
extent in solution, it might be expected that this conformer 
would be more favourable in the DienGorr onde ne with the 
gluco configuration as the 8-b conformer in methyl g@-D- 
Mannopyranoside has the methoxy group syn-diaxial to the 
C-2 hydroxy group and would be less stable due to steric 
considerations. However, due to the constant difference in 
molecular rotation observed, it must be argued that the 8-b 
conformer is negligible in methyl 8-D-glucopyranoside as 
well and that the aglycon prefers the orientation in the 
a conformer for both 8-D-glycopyranosides. Moreover, since 
the magnitude of this difference in molecular rotation is 
the same, and constant, for the a-linked derivatives, the 
a-a conformer must also exist almost exclusively in 
solution. 

Similar conclusions as to the rotameric preferen- 
ces for the aglycon were drawn by de Hoog and co-workers (66) 
by dipole moment measurements and a coupling constant data 
for the equilibrium of axially and “equatorially substituced 
2-alkoxy-tetrahydropyrans. The authors found that out of 
the six possible staggered conformers for the alkoxy sub- 


StLEventatCo Go) only two: predominated, these being 


a-a for axial anomers and g-a for equatorial anomers. 
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Cpe bay ec ystallograpnicesana vicinal carbon-13 proton 


coupling studies. 


From an analysis of the torsion angles about the 
glycosidic linkages in mono- and disaccharides in the 
crystalline state it is possible, if these angles persist 
in solution, to predict the favoured orientation for the 
aglycon about the anomeric bond in solution. The appro- 
priate torsion angle $¢ observed in the known crystal struc- 
tures of anomeric methyl glycopyranosides is presented in 
Table 2. As is seen, the range of values for the torsion 
angle », which constitutes an expression of the exo anomeric 
effect, are constant for the anomeric D-glycopyranosides 
shown. Specifically, ¢ has values close to -60° for the 
a-anomers and values close to +50° for the g-anomers. 


These values for the torsion angle define the orientation 


of the methyl aglycon in the a-a and $-a conformers, 
respectively, predicted to exist most favourably in solution. 
One might argue that this correspondence between 
the predrered con lormation in) solution and) that observed jin 
thee solid state by X-Ray analysis is fortuitous dues to the 
fact that directional antermolecular torces an venersolad 
State play an important partyin Establishing tiecwseruccure, 
and hence the conformation of the molecule. However, in 


the simple methyl glycosides, the orientation of the methyl 
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TABLE 2 


Torsion angle ¢ in some D-glycopyranosides defining 


the tonientatiton jiof the *methy] vaglycon 








Compound Ref. Ce LG Bes 
Me a-D-glucopyranoside 62 -57 
Me 4,6-dichloro-4 ,6-dideoxy- 67 = nD 


a-D-glucopyranoside 


Me a-D-galactopyranoside 68a om 
Me a-D-mannopyranoside 68b —90 
Me a-D-altropyranoside 68c 510 
Me 8-xylopyranoside 69 A) ad, 
Me 1-thio-§-D-xylopyranoside 70 mabey 4 
Me §-maltopyranoside 63 +50.8 
Me §-D-cellobioside (Ae +43.8 


* These values were calculated from the torsion angle 
defined by the aglyconic carbon and the ring oxygen atom 
by subtracting 120° and, therefore, are expected to 
approximate the value for $¢. 
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TABLE 3 


Torsion angle ¢ in some disaccharides defining 





Compound 


O0-a-D-galactopyranosyl- (1-6) 
a-D-glucopyranosyl residue of 
Raffinose Pentahydrate 


0-a-D-galactopyranosyl- (1-6) - 
8-D-fructofuranosyl residue 
of Planteose Dihydrate 


Methyl 8-D-maltopyranoside 


O0-a-D-glucopyranosyl-(1-1)- 
a-D-glucopyranoside 


8-D-cellobiose 


Methyl 8-D-cellobioside 


the orientation of the aglycon 


Ref. 


£3 


63 


74 


12 


qb 





OO 


* These values were calculated from the torsion angle 
defined by the aglyconic carbon and the ring oxygen atom 


by subtracting 120° and, therefore, are expected to 


approximate the value for 9. 
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group is not subject to directional intermolecular hydrogen 
bonding and the conformation of the molecule in the solid 
state may well approximate that predicted to exist most 
favourably in solution. 

The values for the torsion angle ¢ observed in 
the known crystal “structures of Several di- and trisaccha- 
rides are presented separately in Table 3, for unlike 
Simple methyl glycopyranosides, the conformations of these 
more complex sugars in the solid state are subject to 
directional intermolecular hydrogen bonding and crystal 
packing forces. As expected, the values for the torsion 
angle ¢ are more varied than those observed for simple 
methyl giycopyrancsides. In “the case of the oa-—(1>6)- and 
~(1>1)-linked disaccharides, the values of ¢ show relatively 
Prttle deviation trom the value of -60° as predicted by the 
exo anomeric effect. For the 8=- and a-(1-4)-linked 
disacctarices, considerable déviation from 6=60° is’ noted 
and is attributed to the intermolecular and intramolecular 
WyaErogens ponding founa an tlewsolld Stace, Om unese 
molecules. The torsion angle between the aglyconic carbon 
and H-1 (¢) is much smaller to allow for the formation of 
an intramolecular hydrogen bond between O-3' and O-5 in 
both methyl g-D-cellobioside and 8-D-cellobiose and between 
0-3" and 0-2 in methyl §@-D-maltopyranoside. Differences in 
Clyctal pecking morces could also be reflected in these 


changes in $ values. 


_ = a. 
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Further evidence for preferred rotameric confor- 
mations can be deduced from studies of vicinal ye LO proton 
coupling over the anomeric bond. Presently under investi- 
Geatlone 2) esoeass lucy Ormvicina L 13, coupling constants 
for alkyl a- and 8-D-glucopyranosides, their 2-deoxy deri- 
vatives and methyl a- and §-D-mannopyranosides. The most 
constant factor observed in the study was that the coupling 
constants of the g-glycosides were greater than those of 
the corresponding a-glycosides. The absence of a severe 
depression in the size of the vicinal coupling constant for 
methyl g-D-mannopyranoside ruled out the interpretation 
that the larger coupling constants observed in the 8-linked 
glycosides was due to the presence of a substantial propor- 
EhOnOr tie, po LroLamer oan solution. The presence” of an 
axial hydroxyl group at C-2 in methyl 8-D-mannopyranoside 
would be expected to reduce the population of the 8-b 
Loeamer tos insignatircant. levelss@by*reason of they, 3-cy7- 
diaxial interaction between the methyl and hydroxyl groups 
in the rotamer. A preliminary explanation offered was that 
the torsion angle » was less than 60° and hence the vicinal 
coupling constant would be expected to be somewhat larger 
if the coupling constants did, indeed, depend on the torsion 
ang Le(.0) wae SUDpOLteLOLELhISaexpl enablon acon be derived 


from X-ray crystallographic data and nuclear Overhauser 


experiments. 
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Nuclear Overhauser studies on methyl a- and 8g-D- 
glucopyranosides and their 6-deoxy derivatives (75) only 
Showed an enhancement ratio for the g-anomers, thus indi- 
cating that the methyl protons in the 8-glycoside were 
closer to H-1l and hence the explanation that # was less than 
60° 

A possible explanation for the observation that the 
vicinal coupling constants for a-D-glycopyranosides was in 
all cases smaller than for the g-anomers was also derived 
from) X-ray, crystallographic data and the negative result 
observed in nuclear Overhauser experiments. X-ray data 
shows that in most cases the torsional angle $ has values 
GieseecOmoUl ce et te chicuang leupersists ini solutvon, ‘then it 
is expected that the coupling constant for a-D-glycopyrano- 
sides should be smaller when compared to the torsion angle 


¢ = 50° for g-glycopyranosides. 


Depinpiricalsrules (forothes prediclionsor carbouydrace 


optical rotations 


1. Conformational asymmetry. 


In the theoretical investigation of optical rotation 
to follow; contributions torrotation from andividual asym- 


metric carbon atoms are considered to be small or negligible. 
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These are independent of conformational geometry and hence 
independent of conformational distributions. 

According to Whiffen (77) and Brewster (7), the 
large rotations of saturated cyclic compounds can be 
expected, =.Or Che Most. part, to arise from conformational, 
rather than atomic asymmetry. The simplest examples of 
asymmetric conformational units, the three-bond (4 atom) 
chains, are shown in Fig. 11. It was shown that such units 
can give rise to optical activity and it was proposed that 
the magnitude of the optical activity is a function of the 
sanevot the torsionmangile © (24). “Thezunits that are con-= 


Sidered in these empirical rules to be discussed originate 


in staggered conformations where 0 is ideally 60°, -60°, 
Ore 80. *. 
2. The empirical rules of Lemieux and Martin. 

Lemieux and Martin (65), following Whiffen's 


procedure (77), recently proposed what appeared to be a 
convenient set of simplified rules for the estimation of 
asymmetric three-bond conformational units formed by 
terminal carbon and oxygen atoms in a gauche relationship. 
Units that terminated in hydrogen or hydrogens were con- 
sidered to make a negligible contribution to rotatory power. 
They required only three parameters to describe the three 


bond asymmetric unit defined as O/0O, O/C and Ci/0- A 
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Fig. 11: Examples of 
tional asymmetry. 
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Fourth. unit, cC¥/°c was needed to calculate the molecular 
rotations of O-methyl derivatives of pyranoid compounds. 
This theoretical treatment is to be used in the 
Discussion in an attempt to calculate the rotamer popula- 
tions for the orientation of the cyclohexyl ring about the 
glucopyranoside linkage (cf. conformers d, e and f shown 
in Figs. 4-5) for the model compounds chosen for this study. 
Only Lemieux and Martin's (65) original value of +115° for 
the CQ/0 rotatory contribution is maintained. The values 
fOret1en0/0,ano.c/0 rotatory contributions as ortginally 
assiqnedearesdit ferent. -eContributions to molecular rotation 
from these parameters are assigned by a consideration of 
the molecular rotations observed for the enantiomeric sub- 
stituted cyclohexanols shown in Table 4. In these molecules, 
the only expected contribution to rotation is the asymmetric 
conformational unit defined by the hydroxy group and the 
Ses Cue nowoie Cee liegcmceiemOr1 entation. | 1Neretore, che 
values assagnedmto the 0/0 and C/O parameters sare 255, and 
450°, respectively. In the empirical treatment of Lemicux 
and Martin (65), no mention was made of the possible rota- 
tory  conteribution from «a.chiorine avon and saneozgen acom 
in a gauche relationship. From the molecular rotation 
observed for (-)-trans-2-chlorocyclohexanol, a new para- 
meter.) CL/O, as Ger ined and Givens theavalne Of 455 she 


value given to the Co/c asymmetric conformational unit 
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TABLE 4 


Molecular rotations for a number 


of enantiomeric cyclohexanols 
= Mea 








Alcohol [M] , (°) 
(-) -trans-1,2-Cyclohexanediol —54,.0 
(-) -trans-2-Methylcyclohexanol 4 9 
(-) -trans-2-Chlorocyclohexanol -53.8 
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will be assigned in the Discussion from a consideration of 
the rotamer populations for (1'S)-trans-2'-methylcyclohexyl 
a-~D-glucopyranoside (9). These Se banareee to be used in 
subsequent calculations are summarized in Table 5 along 
with their assigned contributory values to molecular 


VOeativon. 


DABIEY 5 


Values for the 4 atom asymmetric conformational units to 


Desusedeinetver calculation of rotamer populations 








Atoms in gauche Contribution to 
relationship molecular rotauion, (°) 
0/0 + 55 
C7 + 50 
CNA®) + 55 
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She GCalculationso& ai linkage;rotation. 


In an attempt to use optical rotation to estimate 
and relate to the torsion angles ¢ and w~ used in connection 
with computer model-building discussed in Section I-A, Rees 
(81) derived a parameter known as the "linkage rotation," 
[Al,, Ween thesconce<t. Of Kauzmann's (82) principle of 
pair-wise interactions. 

The value of [A] at a given wavelength, which 
represents the optical rotation due to interactions across 
they gl ycosidicelinkage minus any contributions from. the 


individual monosaccharide units, is given by the following 


equation: 
Poca ehinetde @ Men! ot 1Mp] 
where 
3 hee Le 
ee = observed linkage rotation 


molecular rotation for a given disaccharide which 


2 
25h 
Wt 


contains a non-reducing (N) and a reducing (R) 


residue 

[Muen! = molecular rotation of the methyl glycoside of N 
having the same anomeric configuration as the 
disaccharide 

[M,] = rotation OL ole, reaucing Suga 


at 
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Rees also showed that the linkage rotation could 
be related to the linkage parameters (¢ and v¥) by using the 
earlier observations of Whiffen (77) and Brewster (24) that 
each four atom chain, in this case about the glycosidic 
linkage, makes a contribution to rotation which depends on 
the sine of the torsion angle. The appropriate relation- 


Ships for g£- and o-linked disaccharides are, respectively: 


[Alt = 105-120 (sin 4 + ») 
[Alp = -105-120 (sin 6 + ») 


Using values of ¢ and ¥ Obtained from crystal 
structure data, Rees predicted to within a few degrees, the 
linkage rotations of several disaccharides. For example, 
the appropriate values from CEYstal  SCVUCLULe datanror ¢— 
D-cellobiose are ¢ = 42° and y = -Ic>, which leadseto 
[Acalc] = +62? in remarkably good agreement with [Aobs] > = 
fe FOrep-D-—Tactose, @m= 21° and = 250 ands thus 


[Acalc] F = +94° as compared with PODS Te sees 


B 

D 
This close agreement between [Acalc], and [Aobs] ) 
must, however, be questioned for a number of heasons,. ne 
values for the torsion angles » and Yale, Cakengo deca y. 
from X-ray crystal data and used to calculate rotation 
which is then compared with the observed linkage rotation 


of a disaccharide in solution. Any agreement must 
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therefore, be fortuitous since it is expected that the tor- 
Sion angles found in the solid state could well deviate 
from those found in solution. As mentioned earlier, 
directional intermolecular hydrogen bonding and crystal 
packing forces are expected to strongly influence the con- 
formation of the molecule, hence oh eeketey ie slay. aieVer eVeuibste! 
State. It was also discussed that in solution, the orien- 
tation of the aglycon about the anomeric bond would tend LO 
approach values of ¢ = 60°, both for reasons of the exo 
anomeric effect and steric considerations. Using this 


value of » = 60° and the value of [Aobs]. for g-D-cello- 


D 
biose and 8-D-lactose, new values of y for each disaccha- 
ride may be calculated. The appropriate calculated values 
for 8-D-cellobiose and g-D-lactose are, respectively, w = 
30° and » = 49°. As noted, these values differ signifi- 
cantly from those observed from X-ray crystal data and could 
possibly be more favoured in solution due to the greater 
tendency toward a staggered orientation of the non-reducing 
Sugar portion about the glycosidic linkage. For that 
matter, the nature of the equations for the calculations of 
a linkage rotation lead to a number of solutions depending 
on the values chosen for the torsion angles ¢ and w and 

give good agreement with [Aobs],. 


LtUSLSeLiuSeeeen that the calculation Of a linkage 


rotation depends on the values chosen for 9 and yp. 
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Therefore, the use of this parameter is predicting the 
orientational tendencies about the glycosidic bond system 


must remain, at best, only an approximation. 


E. Carbon-13 chemical shifts 


Before preceding to a review of carbon-13 n.m.r. 
studies of mono and disaccharides relevant to Chisestuday, 
it is essential to mention briefly the work done on sub- 
stituted cyclohexanes and cyclohexanols. The material 
presented here is by no means complete, but is simply 
intended to mention the highlights of substitution and steric 
interactions on the nature of the eC chemical shift. ‘More 
extensive treatment can be found in recent books by Levy 
and Nelson (83) and Strothers (84). | 

Carbon-13 chemical shifts in the cyclohexane 
series are influenced strongly by conformational and geo- 
metrical factors (25-27). The methylcyclohexanes, for 
which extensive data are available (27), provide a particu- 
tarly clear illustration of the kind of eftects that occur. 
IN Gener als 1ndd VLoue.. = nuclei of a compound may experi- 
ence either deshielding (shifts to lower field) or increased 
Shielding (shifts to higher field), the direction and 
magnitude of which is determined by the position and orien- 


tation of the methyl substituents. Enhanced shielding is 
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attributed mainly to steric hindrance associated with gauche 
interactions of the methyl groups, and deshielding to relief 
of these interactions (27-30). For example, several ae 
nuclei of an isomer containing an axial methyl group come 
into resonance at higher field than when the group is 
equatorial, similarly, vicinal methyl groups are associated 
with greater shielding than are 1,3- or 1,4-arrangements 
(27) 

MHegerfects of methyl! substitution onjithe shitts 
Of alseyci ic Icarbon nuclei as observed by Dalling and» Grant 
(27) in a series of methylated cyclohexanes are shown in 
Mapley6. ) Substantial disbterences in substitutional effects 
Oredimaxial Or equatorial methyl group on the*e, Bf -and ¥ 
GCarbons are observed. The effect is especially pronounced at 


~ 


the a and y carbons, the resonances of which are Seppe co 
higher field lover what might™othéerwise be expected when the 
MeeivylEorollpbis axkiaus.  Witherefterence to Fig. 12, it 1s seen 
valetsie. elle) Gch ae) CH, bond in the: axial orientation is gauche 
Witheerespect. to both the C-2to C-3 and C-5 to /C-6lbonds, | but 
anti to these bonds when the methyl group is equatorial. 
Presumably, non-bonded interactions between the axial methyl 
group and themaxial hyduogens al,C-3 and 3C25 are sufficient 
to perturb the electron distribution about these nuclei such 


that their shielding is increased. Transmission of this 


effect along the CH. to G=-1 bondémay be suggested to account 
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for the observed shielding at the a-carbon. The difference 
of ~ 3 ppm between the effects for axial and equatorial 
Substitution on the @ carbon can be attributed to?steric 
elongation of the g-y bond by an axial substituent, which 
doesenot occum in) ther equatorial form. 1 Elongation: of this 
bond will, according to the theory of Lichtman and Grant 


(So) Mpreduce an upfield shitt. aL the, @-carbon: 


El 





Fag .et2- Al comparison, of the non-sonded interactions 
in axially and equatorially substituted methyl cyclohexane. 


Recently, oxygenated cycloalkane derivatives have 
received most of the attention with the major effort direc- 
ted toward the cyclohexanols. Complete results have been 
presented (86-88), the most extensive set being that of 
Robemtis ef al. (86) which are shown in Table 7. Ltiws 
NOLeGMEhnat iLOr..cach palreot msomers, themring carbons con— 
Sistently,absonub at higher field angthe epimer havangs ehe 
axtawenvarox<y ) Srunction.@ lhe uptieldesiitt vol) — os pemetor, 
the C-3 and C-5 nuclei in the axial isomers is readily 


ascribed to the steric perturbation effect already discussed 
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for y carbons in the methylcyclohexane system. Also, the 
C-O bond in the axial epimers is gauche with respect to the 
Calm ORC > eantac- sco lG-Obonds,, resultingmin the observed 
shielding effect at the carbinyl carbon. 

A more quantitative comparison of the data for 
the alkylcyclohexanols is revealed in Table 8, where the 
Substrtuent effects of the hydroxyl’ group, are estimated by 
comparison with the shielding values for the corresponding 
alkylcyclohexanes (86). The compounds with equatorial 
hydroxyls form thepfirst group; these cata exhibit a marked 
consistency except for trans-2-methylcyclohexanol, for which 
the carbinyl and methyl carbons are more shielded than in 
Ghesochers a2. A Similar trend is found £forecis—Z2Zomethyl— 
cyclohexanol in the second group, in which the hydroxyl 
PuURCLMOn 45 Marnly axial. In both asomers, the fhydroxy!) and 
methiyilegqroups ake gauche and the upfield shift of ~4 ppm 
EOundgron the methyl carbon relative to its  shvelding in the 
corresponding 3- and 4-methyl isomers may be attributed to 
the y effect associated with gauche forms, as can the 
enhanced shielding of the carbinyl carbon in the 2-methyl 
derivatives. 

From the results for simple substituted cyclo- 
hexanes discussed above, it follows that carbon-13 exami- 
nations of carbohydrates will assist both configurational 


and conformational assignments of sugar molecules. These 


it Paar ao a 
e 























bb 


sd? os! .mateye sapxedolsyolyitenm odd ch Gin ¥ | 

_ = iZ _— 

sid ot tuecest Aubw sting et ateebgqe Taine efF at bad OFF, - 
7 2 

{ ror 

beyraedo oft ut ontdiyesat ,eitied 3-0 of @-D Bae €-O 168 carr 4 


_4o@4a0 fyaldsno 3 gs toe3te pnébietas = 


-o) steh ats 8s goekseqmte s?itetigniatp Sim A 7 
ais 222 fen! tt balegve- &: elonexetalayetiveia Ge 


dd batouttes och \quéctas Deconikeet 942 Yo eooeTte Snerycoeaee 
teoqs=170> . Ox Bence vd Bs: ite os citle onpetvagaed 
fz ¥? nib) & Az ohcitirvenme:)’ sez (eo enohnsetolsyolyaie 
jezit att sod alysoube 
ee clive oun=t=seee% vol. tatons vonegaigaga 
Lt meds + Logte..c yon ste ate meee (vitonm Base Jyntdted eae 
Letts k ala 2Ol. vit hae) wero welides & . eyentgs old: . 
Lexar res life sHOorP Ssdices aft 22 lonsxstafoys 
7 ‘cehvr ods . sixcd ylolan et sOssonmg 
kK 26: 23: pT wi bes .jJo¢e%-2oe Spo re fyagee : 
rs L Grzt fila «3 + yrs nose tubal ac) x63 beurre? , = 
og Ss40nk) <3 Lat Ot ‘yui-b Ge —£ i alt ceo : 
nist pas ag, aifsdi:s » Usiw Sede tgorss Jaoete. y ot? 
veges ets ai Nodysan iyssdaso ons Jo en bo onside 
ov spy LISD | 
ie Bednaictestns atqnia 08 re ia 2 


eee ees wee oe 








Ww 
Sh 


dnortb HO 98ui OF SATReTSeA suogqzes 





Hutpuodsezio0o ay} AOFZ (+ 9 ip SS 9 9) = 9VY AOJ S22 peqr0dom S45 7Useer tee 
HOU fo Ga oc 
wes 6. Uke BOS FU UE ee ss NS A eee eee 

0°?- 9°Y Z°L- 9°?- Z°L- 9°F 6°8¢ TAyyeu-7 -s29 
Le e—@ tae Tete> SS 9° 9- Cac L°6€ TAYZoOU-E€ -SUDzFA 
~°9- 0°S Cece 9°C- 9°9- 9° 2 Z°SE TAyuyeul-7-s219 
Z°T- €°9 T°T- 8°T- T°Tt- 0°83 0°€F TAyjou-p -suna4 
va 0= TE Ue ie G°*T- acs Pate: TAyRSeul-¢-s29 
Le 7 €°8 €°T- O°T- S*T- g°9 OTe TAujoul-Z-sUudz4 
fu 9-9 g~9 7-9 ERD Z-D T-0 yqueniTisqns 


y(udd) sajztTys [TeoTueyD 











sTouexseyopToAoTAyte ut dnozp [TAxoazpAy ey FO spOoeFFO FUSNATYSANS 


8 ATAVL 





— 








ee 7. 
> 


7 


‘8 - . 7 ‘B SAAD. S 7 7 : a 


a ' 


aw! 
.. 


niglis mt quorze ‘Lyxowbyer! ott, Fqcesneis 





*imgg) d2thie IsuimeddD 


y= roe ~e-o' &-2 oe, $3. f=) 




















« 
© cal 
. 
- 
A 
rr 
» 
oo 
he] 
° 
tng 
j 
_ 
® 
Ts 
‘ 
. 
he 
i 
Tw 
= 
ry 
oS 
° 
| 





7 ‘ 
— 
7 S.d- G2 c.¢- a, ¢- , F Si 
- 
...s- fia [ \ = 3. tak y Se 
C,s- o,2 a , ys * c b <a 
py fg De Ait, Hoa | 
Balbangesis05 att 10? ("” a ‘3 3) = 6% 304 e8e beeeee ae 
Gust “ug ard C2. S¥z 
= 
re 
: = 
a 


46 


expectations have been confirmed by investigations of several 
monosaccharides and their methyl glycosides (89-93), as well 
as of four inositols which serve as excellent models for the 
former (94). 

Recently, the application of =o Ganener fon con- 
figurational and conformational wassignments of the glyco- 
sidic linkage in disaccharides has been discussed by 
Dorman and Roberts (95). Their experimentally determined 
VealuUcSmrCrEetiemcient cal shifts of nucler inemethyl §-D- 
cellobioside, 8-D-lactoside, and §-D-maltoside, corrected 
to reterence from) external TMS are shown in Table 9. In 
those cases where the two monomeric units were linked through 
B-glycosidic bonds, the authors assumed that the resonances 
of C-1', -2',,-3, -4, -5,; and -6 would be effectively un- 
Changad from their positions in theycarbon-13 spectra of 
their free monomers. The basis of this assumption is the 
absence Cf any ssagniticanteinteamolecularSteric) inter= 
actions between the substitutents at these carbons, regard- 
dessfot the torsion eangles, around the glycosidicy linkage. 


indeed, the similarities between the spectra of methyl s8-— 





D-cellobioside and 8-D-lactoside and their monomer units 
Were quite striking. —This)wasmeven rue of Toe ,esonaices 
forec-2, =3" =-5' Yand, -6", and although» Seeric interactions 
between these Sites might be expected to be rather severe, 
the chemical shift differences between the disaccharides 


and their monomer units were not large. It was thus 
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concluded that the conformations of methyl 8-D-cellobioside 
and £-D-lactoside did not involve forms permitting strong 
intramolecular steric interactions between the two sugar 
rings. 

In their consideration of the spectra of methyl 
8-D-maltoside, the authors recognized the possibility of 
steric interactions between the glucopyranose moiety and 
substituents at C-3' and C-5". Therefore, it was not 
possible to assume that the C-3' and C-5' resonances would 
be unchanged from their positions in their monosaccharide 
analogs. A comparison of the C-6' resonance in methyl 6- 
maltoside with the C-6 resonance in methyl 8§-D-glucopyrano- 
side showed very little difference. Intramolecular steric 
interactions in methyl §8-D-maltoside might have been expected 
to shield this resonance, but these must be small. The 
chemical shift of C-5' was thus assigned on the assumption 
that this carbon nucleus would suffer steric perturbations 
Si LanetO Coss, pwitechy was voted toxshow only. small inter— 
actions. The assigned resonances for C-2 and C-3' in methyl 
B-D-maltoside showed a downfield and an upfield shift 
respectively, when compared to the resonances observed in 
the monomer Sugar units. The authors suggested that in 
aqueous solution the conformation of methyl g-D-maltoside 
equilibrated between that predicted by X-ray analysis 


and a conformation in which rotation of the ether linkages 
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brought C-3' into. close proximity withic-2. It is noted 
however, that these assignments were made only with some 


difficulty and therefore the explanations above are only 


tentative. 
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IT. EXPERIMENTAL 


A., Materials 


DeeoOlencs sand tCherr purification. 


i. Dichloromethane. 

Reagent grade dichloromethane was shaken with 
portions of concentrated sulphuric acid until the acid layer 
remained colourless. It was then washed successively with 
water and 5% aqueous sodium bicarbonate solution. After 
drying over anhydrous calcium sulphate, the solvent was 
distilled from anhydrous calcium sulphate and stored over 


molecular sieve (96). 


ie ey roe, 
Reagent grade pyridine was dried by storage over 


molecular sieve. 


Ile Ororormins 
Reagent grade chloroform was purified immediately 
before use by passage down a column of Woelm neutral 
aluminum oxide. (Waters Associates Inc., Framingham, Mass.) 


(9 Ons 


iv. N,N-Dimethylformamide (DMF). 
Reagent grade DMF was dried by storage over 


molecular sieves. 
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22. Rbhsorbents for “chromatography. 


Teo Cage Lisa. 
Silicajdel G used@ftor thin’ layer chromatography 


was supplied by E. Merck A. G., Darmstadt, W. Germany. 


ii. Silicic acid for column chromatography. 
Silicar CC-7, 100-200 mesh, was supplied by 


Mallinckrodt Chemical Works, St. Louis, Mo. 


iii. Dowex ion-exchange resin for column 
chromatography. 
Dowex 1-X2 (200-400 mesh, Cl” form) was supplied 
by Sigma Chemical Co., St. Lougs, Mo. «fhe OH form was 
preparcosby) passing fagliter sor a i10% sodium hydroxide solution 
through a column of ion-exchange resin (600 g, Gin efor) and 


washing with distilled water until the eluent was neutral. 


Sue Reagencs. 


i. Hydrogenation catalyst. 
Palladium-on-charcoal (5%) was supplied by 


Matheson Coleman and Bell, Norwood, Ohio. 


ii. 4-Toluenesulphonyl chloride. 
This reagent was supplied by Raylo Chemicals, 
Edmonton, Alta., and was puritied before use by rece stalia- 


zation from Skellysolve B. 
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iii. 7-Oxabicyclo[4.1.0]heptane (cyclohexene 
oxide). 
This reagent was supplied by Aldrich Chemical Co., 


Milwaukee, Wis., and used without further purification. 


iv. 2,6-Dimethylcyclohexanone. 
2,6-Dimethylcyclohexanone as a mixture of isomers 
was Supplied by Aldrich Chemical Co., Milwaukee, Wis., and 


used without separation of the isomers. 


View PeCntasO-acerya —-0—  and=e—-D-qlucopyranoside. 
This reagent was supplied by Raylo Chemicals, 
Edmonton, Alta., and was purified before use by recrystal- 


bazatrtonrertrom 852 ethane! . 


Vales Cyclohexano ly. 
This reagent was supplied by Aldrich Chemical Co., 


Milwaukee, Wis., and used without further purification. 


vii. trans-2-Methylcyclohexanol. 
This reagent was supplied by Chemical Samples Co., 


Columbus, Ohio, and used without) further puritirvcaticn,. 


Vill. trans-1,2-Cyclohexanediol. 
This reagent was supplied by Aldrich Chemical Co., 


Milwaukee, Wis., and used without further purification. 
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B. Methods 


1. Spectroscopic measurements. 


Nuclear magnetic resonance (n.m.r.) spectra were 
recorded on a Varian A-60, A-56/60A and a HA100 spectro- 
meter in the solvents noted in the text. Chemical shifts 
are reported in tau (t) values from tetramethylsilane 
GiMs ye 

Proton noise-decoupled carbon-13 natural abundance 
nuclear magnetic resonance (Crit.a7 mes pectraymii 40: Sai 
deuterium oxide (D,0), were recorded using a Bruker HFX-90 
spectrometer with a Nicolet TES transform system or a 
Varian HA100 spectrometer with a Digilab Fourier transform 
system. Chemical shifts are reported in ppm from TMS as an 
external standard. 

Infvaved ia ine) “spectral were erecorded’ ona Perkin- 
Elmer grating spectrometer (Model 421), at ambient tempera- 
GUre, Usino marched sodium chioride cells. 

All spectra were determined by the spectral 


services of this department. 


2. Chromatography. 


Thine layer*chromatography “(helscs) was performed 


On SilicaGelmGwiisima microscope slides. ~ ihe developing 


¢2 
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solvents for acetylated glucopyranosides were either ether/ 
Skellysolve B (4/1) or benzene/ethyl acetate (2/1). The 
upper phase of an ethyl acetate/dioxane/water (2/2/1) 
system was employed for unprotected glucopyranosides. The 
compounds were visualized by spraying with 5% sulphuric acid 
in ethanol and heating on a hot plate. 
Column chromatography was carried out using 
Sai orecroc ae VO-200smesh)einrthe ratio of 30 g/g. of com- 
pound, at astlow rate of I ml per.min. The developing sol- 
vents for individual compounds are specified in the text. 
The separation of the diastereoisomeric substi- 
tuted trans-2'-cyclohexyl 8-D-glucopyranosides in Sections 
IilI-C-6, IfI-C-9 and III-C-12 on ion-exchange resin (Dowex 
tT 2 200-420 0emesn,. Clu <form) was achieved on ai91/4" x 
6 cohinnawitne autlowgrate on t.iml per min using distilled 
water as the developing solvent. The appropriate tubes 
were then evaporated and examined for purity by optical 


TOtatL2on. 


See Este Lat Lon: 


Theacoutinesnemovdal sol poxrganue solvents ~epre-— 
viously dried over anhydrous sodium sulphate, where 
necessary, Wasmoearrniecdsouts 71 vaeu0 ws (water daspiration, 


10-20 mm) at 30-45° using a rotary evaporator. 
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Fractional distillation was performed using a 
Vigreux column at reduced pressure under a nitrogen 


atmosphere. 


4. Melting points. 


All melting points were determined in capillary 
tubes using a Gallenkamp melting point apparatus and are 


uncorrected... 


5. Elemental analysis. 


Elemental analyses were performed in this depart- 


Ment by Mrs eb eManlow and, Mrs, A. Dunn, 


Ga) Optical activity measurements. 


All optical rotations were measured with a Perkin- 
Elmer polarimeter (Model 141) at the sodium D-line (5892A), 
using a 10 cm polarimeter tube. The same tube, with a 
sample chamber of approximately, 1 ml,.was used throughout 
the investigations. The instrument was periodically checked 
Hor ecCucaCwaw 1 tlw amstandard ssOlution lof sucrose iC asl mein 
water). 

The solid compounds were weighed directly into 
tared and calibrated volumetric flasks of 2 ml, previously 


dried under anhydrous conditions. 
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Opuicalyrotatwons for*the individuaMsolitions 
were measured at ambient temperatures (22-24°). The 


molecular rotations were determined as follows: 


IMJ SSet Fale SSicatinsw. cole arherw: 
100 Con x 100 
Im) 5 se mOolecitarerGtation of the compound atat °C; 
BeCoLracimat so 92 A 
faye _ te a: ° 
Dee CeCe CLearvCeCrOLrauLom.Oof the compound, at. t ~C 
an = di rece eee wOtaALLON Of thersolution of the 
Compound, sate oC 
Cor == CONGentracion OF the compound in g/100 mi of 
SOImtHOM atecy aC. 
em hOCHIGS-Knorn, giycosidarions. Preparation of tetra- 
O-acetyl-@-D-glucopyranosides (97)>. 
AeSUSpension, ol Ground Calcium sulpnace (200cie 
vVeLllowamercuric oxade (8.92 9, 421 -mmoles) |, mercuric jbromice 


(0.68 9, 1.9 mmoles), dry methylene chioride (200 ml) and 

the appropriate alcohol (193 mmoles) was stirred for 0.5 h 
Undereanhydarous conda tions. Tetra-U-acetyl=ca—D-Glucopysanosy! 
bromide (20 g, 48.2 mmoles) was then added and the stirring 


eontinuea for 6 hi after which time the mixture was filtered 
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through Celite and concentrated in vacuo to an oil which was 
again dissolved in methylene chloride and filtered. The 
filtrate was again concentrated tn vacuo to an oil. All 
tetra-O-acetyl-g-D-glucopyranosides prepared by this method 


were crystallized from 95% ethanol unless otherwise noted. 


8. Deacetylations. 


All O-acety1-D-glucopyranosides, unless specified, 
were deacetylated using aqueous methanol and a 5% amount 
Oe n ethy Waning sat pH M112) for -hY at 5° SU rhe 
-Gsultings Poa abters evaporatiom of the methanol solution 
was dissolved and evaporated sequentially with methanol and 


absolute ethanol and dried tn vacuo over P,Oc. Crystalli- 


Z 


Zacione solvents are, notedsin’ the text. 


jn Acetylations. 


All a- and g§-D-glucopyranosides (4 mmoles) were 
acetylated with acetic anhydride (48 mmoles) in pyridine 
(25aml) for) l0eheat= 5°.e The reaction mixture’ was’ then 
poured 2ntomice-watere(100sml)e and? lefty ate room temperacure 
for several hours from which the O-acetylated compounds 
crystallized: The *crystals®were removed by filtration, 


washed with water, and dried tn vacuo over PoO,. 
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10. Pascu anomerizations (98). 


Pictanumatercachionide (0.98G; 2.6 mmoles) in 
absolute chloroform ( 15 ml) was added to the appropriate 
O-acetyl1-8-D-glucopyranoside (4.7 mmoles) in the same solvent 
(20 ml) at room temperature by means of a dry syringe. The 
solution was refluxed under anhydrous conditions (reflux time 
specified in the text for each individual anomerization) and 
then cooled to room temperature. The chloroform solution 
was washed with ice-cold water (3 x 15 ml), sodium bicar- 
Donetemsolmt on ais ead bem) eand=wacer “(2x15 mi) and “then 
evaporated to yield a pale yellow oil. The oil was then 


erystaliazedsfrom solvents specified in “the text. 


11. Selective tosylations of hydroxymethyl groups. 


A solution of p-toluenesulphonyl chioride (3.04 g, 
15.9 mmoles) in pyridine (15 ml) was added over a period of 
O.5eh to alsturreds 1ee-coldtsolution of “the “appropraate -§— 
D-glucopyranoside (14.5 mmolés) in pyridine (20 ml). After 
30 h at room temperature the solution was poured into ice 
Watermg(200gml eendethoenestimned for leh? e lhe solucion swas 
then jiextracted wath’ chloroform (3x 75°mil) “and the combined 
chloroform extracts washed sequentially with dilute hydro- 
ChilLorresacice (Lex ome waler ents > URIs, SCOlung aca r= 


bonate. solution (2 x 750 ml) and water {1 x 50 ml): 
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Evaporation of whe chloroform solution yielded a pale 
yellow oil which crystallized upon themaddn ton Ole one Lye 


solve B. 


Ios |  lodanatcvons. 


A solution of the appropriate tri-O-acetyl-6-0-p- 
toluenesulphonyl-8-D-glucopyranoside (16 mmoles) and sodium 
todide (4.8 g, 32 aap was heated for 20 h at 100° under 
anhydrous conditions, cooled to room temperature and then 
concentrated to an oil which was dissolved in methylene 
chloride (100 ml). The methylene chloride solution was then 
washed with water (3 x 50 ml) and concentrated to yield a 
crystalline mass. Recrystaliization solvents are specified 


Tnetne text. 


13. Hydrogenations. 


RU Suspension OL. the appGLODE Laver ers =O —1cely aoe 
deoxy~6-iodo-§-D-glucopyranos ide (Sig) > sepal cdlumlone 
carbon (5 g) and triethylamine (10Oeml) pin Gthy lLacctare 
(250 ml) was hydrogenated at 60 on genk a oncene ihc Minty dblelsh forhhoke 
pension was filtered through Celite and the filtrate con- 


centrated to yield a crystalline mass. 
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Awe Cra ceria uOrepuLLLy. 


All compounds were recrystallized to constant 
Melting pGant and rotation. 

Miempucitmeoresnenatieetatutecent'S)— and (1 YR)- 
trans-2'-cyclohexyl 8-D-glucopyranosides was ensured by 
effective chromatographic separation on Dowex ion-exchange 


resin in the OH form. 


C. Synthetic Investigations 


1. Tetra-O-acetyl-o-D-glucopyranosyl bromide (99,100). 


Penta-O-acetyl-a- and-8-D-glucopyranoside (195 g, 
Ge 5imoles) was added. with stirring, to. a 302% solution of 
hycuogensbuomide ameacet tc acid, ((500-ml)p) sjAtter<4).5) iy the 
reaction mixture was diluted with methylene chloride (500 
ml) and the resulting solution washed with ice-water (2 x 
500 ml). The methylene chloride extract was then washed 
sequentially with ice-water (1 x 500 ml), saturated sodium 
bicarbonate solution (2 x 200 ml), water (2 x 200 ml) and 
then concentrated to yield a yellow oil which crystallized 
upon the addition of Skellysolve B. Recrystallization 


from an ether-chloroform-Skellysolve B mixture yielded 
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the desined product, (149 9, 7.0%), Map. 87-88°, ee + 197.22 
(c, 1 in chloroform). [Lit. (101), m.p. 88=89°, [a)S° + 


Oye ce (cee) ine Ch LOroOLorm ya. 


2. trans-trans-2,6-Dimethylcyclohexanol. 


Sodium metal (9.5 g, 0.297 g/atoms) was added with 
cooling to a stirred mixture of 2,6-dimethylcyclohexanone 
(25g, 0.198 moles), ether (250 ml) and water (50 ml) at 
such a rate as to maintain the temperature below 30°. On 
completion of the reaction, the ethereal layer was separated, 
washed withediluteshydrochlonic acid (2y4x.50 ml1)y, water 
(2x50 ml) and distilled at atmospheric pressure using a 
Vigreuz column to yield a crude product (18 apr An Mubgahere. 
using ether/Skéllysolye B (1/2), as,the developing solvent 
indicated the presence of two compounds. Chromatography of 
thie mixtureson silicic acid using ether/Skellysolve B (171) 
as the developing solvent yielded the title compound (15 g, 
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Dome re date. inechloreform-c25 ae /eo2 (eLapler, 
axial hydrogen at. C-1,, spacing 8 Hz in Soa (Sind lew, 2 OM)i: 


§.0-9.2 (remaining 14 protons). 
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3. trans-2-Chlorocyclohexanol (103). 


A solution of cyclohexene oxide (50 g, 0.51 moles) 
in carbon tetrachloride (50 ml) was cooled to O° under 
anhydrous conditions and an atmosphere of nitrogen. Anhy- 
drous hydrochloric acid was then passed through the solution 
lint | falscatunated“soltition was obtained. “Atter Ph, ithe 
carbon tetrachloride solution was washed sequentially with 
water @(Grx' 50 mil)), ‘saturated “Sodium carbonate’ Solution 
(eee Ons) Piwarent(2 6 50) mis) "and concentrated to afford 
GietOan ay > Sch)”. Distillation at reduced pressure (water 
aspiration) meyielded (49° ¢,°72%)7 b.n. 80.5-812 (13) mm). 
Cee Ser ewe Os lee (7 min) (104) eb. pe e77-60" {10 mm): 
ee eee a ee ees ein) ae ete. Wilt 272.50 TL 0: mm) je 

I.r. data in carbon disulphide was the same as 


tiatereported (107). 


we Cyetonexy) @-D-qlucopyranoside (2). 


i. Cyclohexyl tetra-0-acetyl-@-D-gluco- 
pyranoside (1) 
The Koenigs—-Knorr reaction of tetra-O-acetyl-—a-D-— 
qilucopyrancsy. (bromide (305g, 9/0.2 mmoles js and) cyclonexane! 


(2831 a 2o2 modes) yaeided conpoundel (222 5¥0 7) i134), 
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Mra. acCave yd. ee Or eC TO She S54 EN Ssh 7/ AUS 


206s 000 

POUMC.s a RC me OO aimt tin. 16... 0 5.6 

Pemney dalbagtor el, in schlorotorm-d: 1 4.78 
(Coo eC ei opmaop ae tnomoeH Zp es) A2 (couplet, Hl spacing 
Seize eo aod 5. O 9 porotons as uthe AB part of an ABA system, 
He6"' fand H-6, centered at 5.72 and 5.91 respectively); 6.23- 
6 45e(muleiplel, H-Seang H-l' of the cyclohexyl ring; when 
H-6' and H-6 irradiated H-5 collapsed to a doublet, centered 


Gms SS OAGi noe O8 ie 294 98, 7.997 8.00. (4 acetate 


groups); 8.1-9.0 (10 remaining cyclohexyl ring protons). 


di) Deacety lation. 
Compound 1 (15 g, 34.8>mmoles) was deacetylated To 


ViclOpascruce: 2. §'Ceryceallization twice from ethyl acetate 


yielded compound 2. (7726 g, 83%), M.p. ig mee, cals” = S58 
Cee ore ir ee 108 eam. peel 33-1 35°) 0 [slau e Sore 


(in water)]. 


i : ° a 
AniatweeGa cul C oat Ole C1985 708: Oy Re Sie Rept en 


Foundcaec,, 24.66 Mijas. 22. 


Pe aiiugeetr, “(eke eal Beane (24 she! deuterium Oxides) 15.22 


(doublet, H-1,spacing 8 Hz); 6.58 (doublet, H-2, Spacing 


eS 


9 Hz by decoupling with H-l). The G=n. msn. pasameters 


are reported in Table 10. 
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eee CyClOnexy lac-D-dlucopyranoside.(4). 


i. Cyclohexyl tetra-0-acetyl-a-D-gluco- 
pyranoside (3) 
Compound 1 (2 g, 4.65 mmoles) was anomerized 
Uneeneler lus Conc ti1ons or 2.5 hate yield a pale vellow 
Olt (8.8 9)-2" Crystallization from Skellysolve B afforded 


compound 3 (1.65 g, 82.5%), m.p. 39-40°, isha 


TL he De 
CoO Coe Ne CciOrorOrm)...  1bate. (L0G), mene 40-41) fal + 


222 ic, 2omin chloroform) }. 


Neen eee lar tel ene @ Con DO Lowe) 2 OS. 


20130 vO: 
POUNchaeeC, 95.045" H,) 6.96. 
PLM seta ca aoe Sy riiech Oronornu—cl seer 4"44 —4 52 
(Guarte:, H=3,/ centered ae 4.527) spacing 9 JHz2) 3 °4t78 
(\aoublec, sa asp acdiGg4 wz 5-00" (triplet, H-4 "spacing 
Ome elo A= Ss Wgquartet:- H-2, ‘centered ates. 21, spacing 
Wetie)s! x0) 6 Oo (oS protons H-5*-H-6* “and -H-6)"> 6 .32-6.64 
(ibe plete ais icentbered at: 6446) +s72 9650 7.09er SuD0Es 8 02 
(4 acetate signals); 8.1-9.0 (10 remaining cyclohexyl ring 


protons). 


jdm peDeacety lation: 
Compound 3 (1 g, 2.3 mmoles) was deacetylated to 
yield crudes4 (0.59. 09) sseCxrystaljizotacngstwice from et bya. 


acetatGeatforded compound 4 (0.49 g, 80%), m.p. 121-122°, 


bo. 


F ct 
yooneiegeded Iivkeedoetlovw?  -4. 1) ee us 










a 


.(b) ebhoonenyocodig-Go fyxecio Loyd “* 7 


(Y) sé ta0nbsvG 
eter 2h b ,e $8) £ Sapogam> 
| 
"a oe iothaoe alles! 2oRae 1S 


/ : ; 
sveven °.(p 8.2) fips 


&3- mvetne> .f-2 .dodgeip) 

bares’: 60) sce . i-H de fdas) 
2) 8. @-b£.2 + ixtk ee. 

wong £) W. Fb. q 4a 

bs tren [-" ,telqiszium) @ 


swf 
((ealecTete Sst2ageus Bb) 


65 


24 
D 


eel Uealene Tol, + 133.2°(in water)]. 


La] eee 2 (ce) ein) 0eemethanol-watex). [mdit. (98), 


' . . 
Ariates, (Calcovdg -E0r Cy 5H 9%: Ce oA. Ave oo. 46: 


Found: C, 546807, H, $.34. 


Pom n.ecatasror 4 inedeuterium,oxide: 7 4.7/5 
(jouplet mois spacing 5.5 z)> 6.28 (doublet, H-2, spacing 
Ceizebyececovpling witha)... 9 The => Cen emer: parameters 


are reported in Table 10. 


6. (1'S)-trans-2'-Methylcyclohexyl §-D-glucopyranoside 
(Bland el) R)—prane=2 '-methyicycilonexyl @-D-dluco-— 


pyranoside (6). 


ise tel YR, WS) —Crans—2 '-methyicyclohexy)} 
tetra-O-acetyl-8-D-glucopyranoside. 

The koenigs-Knonn reactionsomsitetranG-acetbyloag 
D-glucopyranosyl bromide (131.2 g, 320 mmoles) and trans- 
2-methylcyclohexanol (146.4 g,1.28 moles) yielded ;the 
Giastereolcomeric mixture. (96. "¢, /2523) "in foun crystal 


Crope.of differing melting points and rotation. 


bes AO dee peels [eS a) [ol], cr teed Utes 0 het lelenllona ot 
form) 

Dec OMG eam ouel 0 Cdl ieece [als = 30° (cu leinechIioro= 
form) 

pies Rrowyetats Mise o5°F Me[a) 225.72) ic, 1 in chloro- 
form) 
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ii. Deacetylation. 

(GE Rea SG) eraisceet-Methylcyclonexyl tetra-0- 
acetyl1-8-D-glucopyranoside (48 g, 108 mmoles), [aj 24 ~ on 
(c, 1 in chloroform), was deacetylated and crystallized 
frommetiny ls acetate) to, afford=the* mixture. (19R5* 11S) strans- 
2'-methylcyclohexyl 8-D-glucopyranoside (26.8 g, 90%), m.p. 


161-164, [a]*" - 20.2° (c, 1 in water). 


iii. Chromatographic separation. 

The mixture (5 g) was chromatographed using Dowex 
Lon-exchange resinwas described anesectione 1i-p-2. 155m) 
Soe eiane were collected and compounds 5 and 6 were eluted 
in a band from 2560-3010 ml of distilled water. 

Fraction 1. 2560-2710 ml. Evaporation yielded 


eompound as (log), mop. Leés-134°, eles 


ae Os cee ipa 
in water). Recrystallization from ethyl acetate produced 
Nowchengesin melting polnG or rotation. 


! e e 
Divas, Gabcu Cua eloG C1 3H5 4%: Gipsy eile yilie Velen Thee 
Gti. ee Cpe On ty nO Ol. 


P.m.r. data for 5, in deuterium oxide: 1 5.26 
(doublet, d—1)..spacing 8 Hz) ;.6-56) (doublec,;@H—2; Spacing 
Senay FeccnoienG Withheld) 88 eho CODE ty CH. In che: 2 
DOsitaon of) Che ever anes) ring, Spacing 6 Hz)) ) the ce 


n.m.r. parameters are reported in. Table wo. 
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Preacu..ong 2eaatc/2572070smlS Wvaporation yielded 
a mixture of compounds 5 and 6 Cel) sy [ale* TS 29. to 
261 227 Ac ei neweten)e 

haactwonso. M20085-5010.8" hvaporation’ y1elded 
compound 6 Ga eth. MAS 146e tals" = 722 2Eie, Thain 
water). Recrystallization from ethyl acetate produced no 


changelanemel ting pointi or! rotation. 


A@ele Calc ld. fOr Cann 


ee ae 


6? ere) One rma pte Ore 


BOM Cee Cree SO 4 ely) Oreo Ue 
Pele. Catarroreo, In caellcver um oxide: 7+ 5.42 
ifecie 2. 


3 
Post elLoneo. wiercycroncxy.! ring, Spacing 6 Hz). The eee 


(doublet, Hai espacing S2hzjr co. 00 s(doubler, CH 
n.m.r. parameters are reported in Table 10. 


0g (1'S)—trans-2'-Methylcyclohexyl a-D-glucopyranoside (9). 


i. (1'S)-trans-2'-Methylcyclohexyl tetra-0- 
acetyl-§6-D-glucopyranoside (7). 


Compound 5 {1 ¢g, 3.6 mmoles) was acetylated to 


arLore. compoimmd, 7G(he56aq, 897 2)),ansp eles so0, [a] peed Pet 
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Oe Hz) ; #9 04-6. 00. (2. protons asi the AB pant. of .an, ABK4system, 
H-6" and H-6. When H-5 was irradiated, H-6', H-6 collapsed 
ye an AB eet Seanad at 5.64 and 5.93 Canes EAE 
GuL9-6-4A20 5 muiltiolet, U5 scentered at 6.31); 6.382-7.14 
(Motetotet, Hal’ of te rey cians ring, centered ae 6208) y 
(eye Vee 8.02 (A 3acerare sionals an ’the ratio 122:1 
respectively); s.1-9.2 (9 remaining cyclohexyl ring protons 


ang a doublet, CH. in them2’ position fof the cyclohexyl ring, 


S 


Centeredmates. , cpacing 6 Hz). 


Tale. (1'S)-trans-2'-Methylcyclohexyl tetra-0- 
acetyl-a-D-glucopyranoside (8). 

Compounc 7 (1.2 ¢g, 2.7 mmoles) was anomerized 
lingderererltux conditions for 1.5 h to yield a pale yellow 
Oil. Crystallization: from Skei lysolve EE afforded ‘compound 
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BOUniCl a Gye) On OU sti advent. 


P.m.r. Gata ton 8, an chloroform-d: 7.4.53 
(Exiplet, H-3, spacing of 9 Hz); 4./7 (doubler, H-1l, spac- 
inguoe a4 0H7) 4.98" (Peiplety, i427, SpoCi ng. seizes ow eee C 
(quartet, H-2, centered al 2517, outside spacings 4 Hz); 
HeGo-OR02 oe PlOUOnNS, 4-3 ,. Hoe and H-6); 6.72-7.04 


(multiplet, H-1' of the cyclohexyl ring, centered at boo) s 
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Tat oy he Jingo UUM 4eacetace Signals in the’ ratiovls.2:1 
respectively) 7s. 129.1 (9 remaining cyclohexyl ring protons 


andueemdouplet, CH. an the 2° position of the cyclontexyl 


S 


wing, centerca s.99, Spacing 6 Hz). 


A¢169 Deacetyiation. 
Comnpeuncdmatcn BOW ord jwole /sumoles Mwassdcacery! — 
24 
D 


Ated Colyieldsecrude 9 (0.456.9):,* fe] fal 6 OMA. ma Cr, geld. 73 


water). | Crystallization twice from ethyl acetate afforded 


24 


SomponncaomOksoeoge 7 52)Gimsps 1405141 °7, [a] 5 AL See cee Gow 


ho angwater): 
Anal cole GeLor C135 10: Cea Om ars 86s 1a. 
EOQUNC mCi Om Olen pan. o 


P.M.G. Udta Lor 9) in deuterium Oxidee™ 17407 
(soublet H-1, spacing o.oo) He)> 6.56 (doubieb, H=2, Spacing 
Ot Geez by cecoupling~witn H=d)>) 9706 (doublec, CH, ine ene 
Pe COciClOn Of tie CYCLONexyl- 1ing, Spacing 169iz).— ihe aoe 


n.m.r. parameters are reported in Table 10. 


ors (1'R)-trans-2'-Methylcyclohexyl a-D-glucopyranoside (12). 


ye (1'R)-trans-2'-Methylclohexyl tetra-0- 
acetyl-8-D-glucopyranoside (10). 
Compounds 6, (deg) 3. bemnoles)swassacetylated to 
afford compound 10. (2.56 og, 97%) ;,msp. 101-102°, [a] >" 
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TOE es ACCOM Wee byl ae chal Chee fie) 


218329192 Cr 56-757 H, 7.26. 


HOmichsmen Geo Distasi, 1. o6m 


elsnilssap. telketejel Ree 10, in chloro form—d -man . 4. 48 

(eri ote ao meSbacingas 5 Hz) 5.45 (doublet, H-1l> spacing 
Sma eo Om) ao 2. protons as the AB part wor an ABX system, 
Paha ncde =O centered gat >. 13 wand 5.389" respectively) + 6.24- 
Geom lupe mila ogmcencerce at 6.35)',.6.7/3-7.03 (multiplet, 
No eeOlLecner cyclones | ering, centeredmat 6.88) 9/594, 7.98, 
8.01 (4 acetate signals in the ratio 1:2:1 respectively) ; 

Sola eee remaia@nd cyCG1ohexyl=ring protons and a’ doublet, 
CHeweineecne 2 position Ofte cyclohexyl ring, centered at 


3 
US ecmacina "Oo Hz). 


chaee (1'R)-trans-2'-Methylcyclohexyl tetra-0O- 


acetyl-a-D-gqlucopyranoside (11). 


Compound 10 (1.2 g, 2.7 mmoles) was anomerized 
Uncerarcelux Congielons 1OLr 1.5 h tor*yield a pale yellow 
Gil. )Crystemizarrom nrom Skellysol ver bratztorded. compound 
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AvU2)e AL USS(Gr il et, iA, spacing: 9 H7)38 5207-5225 
(quartet, H-2, centered at 5.16, outside spacing 4 Hz); 

bao sG.. Uo (Sep reaconc, sis, H-6" and H=6)>5. 6.84-7.84 (multi- 
Dieta) mot cher oyclonexyi ring. centered. 6.9.9) -o/.95., 
ie0eojmoel0l, (45 acetate sionals an. the ratios 1:221 respec- 
pavyedy) Onl 9.1 remaining, cyclohexyl ving. protons) and 


emacoub ory aC tL we Tmtleme. DOSLE1Ones of the cyclohexy ring, 


5 
centered 9207, spacings 64Hz). 


Mite Deace ty Uat.on. 


Compoundel! (0. /o9q,741./ mmoles) was deaceylated 


to yield crude’12 (0.451 g), [a]? eB) peete ie 0028in 
water). Crystallization twice from ethyl acetate yielded 


Sonoound s2ae(0-. 3600, veic)emep-2160=1l6ie, gil +_ 94.2" (c, 


eanewater) < 


q ° ° 
W'etiha (@GUNelJiev sieve C3 3H5 40: Cri 8D. ie) LH A Oe Oe 


POUR (eee oe Oo a Oe. 


Plime Cabaet or 12,in 15% methanol-d,- 
Ceaieernume oxvae : Ua, 4.948 (doublet, " H-1)° spacing» Si5' Hz); 
Gaioet doublet ,WH=o SspacingsoHz by decouplangewi thea -39e 
Bride edcnblvete=-CH. Ani erer2 '* posit ronson thes cycionexys 


3 
ange epacing= 'GrHhz)™ rie th the parameters are reported 


in Table 10. 
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9. (1'S)-trans-2'-Hydroxycyclohexyl 8-D-glucopyranoside 


(13) Vance ia eas 2s -livdrocycyclohnexyis 6=D- 
glucopyranoside (Ro ie 


a GER STrans—-2)—hydroxycyciohnexy! tetra- 
O-acety1-8-D-glucopyranoside. 

The Koenigs-Knorr reaction of tetra-O-acetyl-a- 
D-glucopyranosyl bromide (20 g, 48.2 mmoles) and trans- 
1,2-cyclohexanediol (22.4 g, 193 mmoles) yielded the 
diastereoisomeric (Misccure Wiese OSs)min tLwocrystal! crops 


of dviterming melting points and rotation. 


eeeO-tagvem.yles—l6ee, [ol4 - 13.52 (c, 
0 49955 anchicroform). 


24 


boat 6.90° (c, 0.995 


2. Soto heme Dt Loco 57 978 fod 


neha LT Of Oin )e, 


ii. Deacetylation. 

(Der, LS) -crans—2"-Hydroxycyclohexy! tetra-@- 
acetyl-8-D-glucopyranoside with [als* co aL ane (c, OY ISISISS nto) 
chlorororm) “and ke + 620 sc, H2995sinechlorosorn., 
respectively, were deacetylated separately. Crystallization 
from ethyl acetate afforded a near quantitative yield of 
(1'R, 1'S)-trans-2'~-Hydroxycyclohexyl 8-D-glucopyranoside 
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with [a] 2" -~J147/7, Gea a 00S Sinywater) and [ol] 5 + 4.6° 


(c, 0.995 imawater),. respectively. 


st | | 
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ii. Chromatographic separation. 

The mixture (5 g), ree = 17 Oem ele, 000) 1 
water) was chromatographed using Dowex ion-exchange resin 
as,described im Section) I7-B=2. 410, mil coer one were 
collected and compounds ey Ea 14 were detected in two 
Peet Lence MrOnme k=. O0 emieand tron. o200-3550 m1 oF 


distilled. water. 


Fraction, Lt.) 1700-2200 ml... Evaporation yielded 
2A 


Compounds?) 494(45..057-o amp .eel lor Lo6o , [a], SSeS Vener ook 
in waren) .6 Recrystallization from.ethyl acetate, produced 
no change in melting point or rotation. 
1 ° ° 
Diced) geod. Ce Csr OL Cy 945507: Eo Sy ate Tf eM 


WOU Ti Cease Cpe elt. Oise Hye Os. 21s. 


Penner data ToOmel4, an deuteraim omide 2 a 5.23 
(doubler, 1-1) spacing 6 Hz); 6.50 (doublet, H-2, spacing 
OFHzZ by decoupling swath si-~i)s. ‘Tne SS Contam eae parameters 


are shown in Table 11. 


Fraction 2. 3200-3350 ml. Evaporation yielded 
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i eae eeuer idee Pei 


Compound Iwi 0.46.c4)), gap. 142-1439 salad 
water). Recrystallization from ethyl acetate produced no 


change in melting point or rotation. 


Avante sCa lic de. LO eC Cd 7 9R el 2 2.0 


eee ap 
infeistaislee eye ah Fehon sh, Boul eler: 


N.m.r. data for 13, in deuterium oxide: t 5.14 


(doublet, H-ly spacing 8 Hz); 6.51 (doublet, H-2, Spacing 
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97 Hz by decouplingSwith tisL),..sThe rested ee parameters 


are reported in Table ™.. 


In a manner similar to that described} the 


24 
D 


togtapned to yield cempound 14°(0.13 g) and compound 13 


TiS EULem 2 lace ad + 4.6°(c, 0.995) in water) was chroma- 


(1.84 g). Their melting points and rotation were identical 


tOmeEnOSesOrevVlous ly found. 


LOS (1'S)-trans-2'-Hydroxycyclohexyl a-D-glucopyranoside 
GUAT. 


aa (1'S)-trans-2'-Acetoxycyclohexyl tetra-0- 
ecevyi—-e—-D-c fucopyianoside (15): 
Compound 13 (122° 9, 4.3 mmoles) was acetylated to 
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Serocamcempound els Cll S5aq, os)", mepe "220-121. ; lal 5 sagt Ahoy 


(ene 00s my chlocororm) . 


1 5 . T 
Ama ae Gaclkon Cl apaisor C55H 350) 5: Gye 0 Or hee 65.0% 


Pounds G,.544..05 4°H, 45.407 


P2m2r., Garam: Gi 15, Ti cHLororerm—ds. 1. > .33 
(doublet; Holewsspacing (8.Hz)e 5.06-6F,008K2 protonesacvLnceAD 
PareeolLe@oneAbe s¥stenm,al—-6) and H-G, ~centered jaw 4m /omana 
pro eres pective ly); 6.200. 00)5(2  DLOCOne 6 oo Om haa, 
Cencercad at 6.4)) (94 Joo, 2 Oo. UL, eer US (5 acetate groups 
Pieche ratio lelw:lerespectively) > sone Ime oe cy Clooney. 


Hanc, protons). 
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Hi. ((1"S)-tnhans—2'-Acetoxycyclohexyl! tetra-0- 


acetyt—seD-ctucopyranoside (16) 


Compound 15 (2 g, 4.1 mmoles) was anomerized under 
GeGluxiconditionsetor 13 jheto yieldva,palle yellow 0111). 


Cyrstallization from 95% ethanol yielded compound 16 (1.77 g, 


24 


5 tet 156° (c, 1.008 in chloroform) . 


SOSle map. eL56—k57°ne fod 


PMG VeeeCa leew. -LOrme Ce FeO 


9235919: Ce Aes 9D Feely 0, OU. 


MOU CMG, boo) cme e666 16. 


Pet. rOa tas GOT 16, in Chilorotorm—d- + tg) aces 12) 
(qusGce:, sH-37) centered ate4.o0, spacing 9 Hz) 44.81 Gienbi eee 
Dae ecbec i nges hz) so, 09 (triplet ,-u-4, spacing 9 Hz); 5.16- 
Dee OMG ae eatin, eCeiLeLe aL 5.23, suecing 4 Hz): b./2— 
De noe LOLONs, 9 pelo wand 0). 6.36.57) (Ml eipLet, 
eee eeomrero Urdu Geta 2, f.96% 8200, 86002 °(5 acetate 
GMoups, in they raticoele2:d2)] respectively); 8425-9 08 {S8cycio— 


hexyl ringPprotens)).. 


Hit. | Deacetvlacion. 


Compound 16 (0.82 g, 1.7 mmoles) was deacetylated 


Cor yieidecrude 17 (0n44rc), [a *" 15058. (Cc, La ne waLemr. 


Crystallization twice from ethyl acetate afforded compound 
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! . ° 
Anates Carc’dearor Cy 5H, 505: Chemo 1 AH Oetae Eh ted. Odie 


FOUN Cram pallet) Oe a lee Gel 4, 


Pere aves COre! / pane deurermim oxide, m4. 66 
(domi Wet, st ensDaC inom HZ )aon.22 Wduartec,.H-2, collapsed 
tordoubler, spacing 10°Hz, by decoupling wath H-1). The 


Bee ay ora parameters are reported in Table ll. 


Adil (IR) -trane—-2 —“ltvdiroxycyclohnexy!) “a-D=glucopyranoside 


(20) 


i. (1'R)-trans-2'-Acetoxycyclohexyl tetra-0- 
acetyl-8-D-glucopyranoside (18). 
Compound 147 (lb.2¢, 4.3 mmoles) was acetylated to 
afford compound 18 (1.8 g, 868), m.p. 140-141°, [al4" 


~ 


2 eee INC OLO Porm). 


i] ° e 
AnesleeCaLe Vd elon C59 350) 5: Oe Se Re ery st Us 


HOUNCs 6G, Oo .07 etl, (0600. 


Deme re data comes sain chlorokorn Cramer da.0 
Verio let io 7) Spacing 29 eye Be 4a (couplet, li-2 ec pacing 
S)Hz)>. 5.63-6.00 (2 protons as the ABSpart Of sen ABxX Syecvem, 
H-6' and H-6, centered at 5.71 and 5.92 respectively) ; 
6.24-6.50 (multiplet, H-5 and H-1', centered at 6.37); 7.94, 
7.98,48-00, 6202) (> acetace groups ii the ravio tested 
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di. (1'R)-trans-2'-Acetoxycyclohexyl tetra-0- 


acety|—a=D-glucopyranoside (19). 


~ 


Compound’ 16° (3° qg, 6.1 mmoles) was anomerized under 
Pelluseconcterone (Or loeb. s Crystallization from Skelly— 


SOiVeom> at Orded fa Mixture of compounds 6 and) 19 (2.8 4), 


ch 


~ 


oe (Ce Ane cnlororermn) .) The’ mixture: wae then 
separated onga column olesiliuci¢e acid using ether/Skelly- 
solve B (6/4) as the developing solvent. Recrystallization 
of 19 Vi cue thus obtained from 952 ethanol yielded 1.2 g 
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(AG 2 rein. 42-1Ta3° [ol 5 +eou. 2. (Cpe lwine Chiorotom) « 


AL cle Cauca «s LOys OF EUG Bel Tey aie 


Doe ee 
BOUNG.) SC eo oeo4 = tls 6. OO. 
Dat. oddtasi Gr hI, 2in clilororom—cc.m (4,42, — 
AAOom\GUacbee:, Hs, centered at 4.54, spacing 9.5 Hz): 4.68 
(doublet H-1s spacing 4°82) 7m5on 00) (tra ple yi=deespacing 
Gaon HZ) 3) 5. 14-5. 26. hoveriei, §Uu-2oecenterediat, 5.21, spacing 
257). eno eel oe pc Cron Ss, hab} b= 6h" andel=6)4a0n2e=>6050 
(Timken beLpeus Diecentered et. 6237 pa. 9e, meOSenGeGiges.02 
(5tacetatencroups inthe watiotlazcl:d) respectively) gisei— 


On cacyCclOonexyierang protons) & 


iii. Deacetylation. 
Compound 19 (1 g, 2 mmoles) was deacetylated at 
room temperature using anhydrous methanol (20 ml) anda 


Gatalytichamountecotssodilum metad atiph daici2s) Thesreaction 
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mixture was then neutralized with Dowex 50W-X12 (100-200 
mesh) acid ion-exchange resin, filtered and evaporated to 
Victdecrude scrysta ll ines19, (0.56 g)% ~Recrystaldization 
twice from ethyl acetate afforded 19 (0.51°9, 86%), m.p. 


rh yereal Space tals" pCi (Gio Tht Hee, bps Sere 


mat iS 5 
Ane Cale sda OG Cy Ho 50: Gir, SPS Tick Bie Thies 


HOUnC smo ole Soman litte ive) oO 
Pemes.bantastor 2O0Minideutexrtium=oxades on, 4.75 
1b} 


(doubletys Hilf tspacing = 4eHz). The C-n.m.r. parameters 


are, shownPanetable 11. 


12. (1'S)-trans-2'-Chlorocyclohexyl 8-D-glucopyranoside 
Vi ong brave =e cChiorocyoeclohexyl (6-D-gluco— 


pyranoside (22). 


ae) o( UR US) =eranvs-22—-Chnlorocyclohexyl tetra- 
O-acetyl-8-D-glucopyranoside. 
ThesKhoenigc.- Knone reaction of tétra-C-acety1—o-p— 
glucopyranosyl bromide (20 g, 48.2 mmoles) and trans-2- 


ehiorceyclohexanol (25.9 ¢, 193 mmoles) yielded, the dias— 
24 
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tereoisonerac mixtures (13,800, GOI8S), mp. 140-1435 ao 


aoe Cree Qe BitieCH | OrOc Oil je. 


1). ~Deacety Lation. 
(1'R, 1'S)-trans-2'-Chlorocyclohexyl tetra-0- 


acetyl-8-D-glucopyranoside (10 g, 21.7 mmoles) was 
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deacetylated and crystallized from ethyl acetate to afford 
a near quantitative yield of (1'R, 1'S)-trans-2'-chloro- 


cyclohexyl §-D-gqlucopyrancside, ape: Tee. (pee an water). 
D 


iii. Chromatographic separation. 

The mixture (5 g) was chromatographed using Dowex 
ion-exchange resin as described in Section II-B-2. 10 ml 
fractions were collected and compounds 21 and 22 were 
GeCected sinstwo siractions, from 1980-2140. ml and from, .2180- 


Zoe OU UMeGd sCiLStal led water. 


PueactLonm..))1/80-2140°ml. | Evaporation yielded 
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in water). Recrystallization from ethyl acetate produced 


BOMDCUNC gan? <9 2G jee. ral Dll 52°. fo] apr Oa C les Od! 


no change in meltang point or rotation. 


OF Gls way ono 


! H 
Peg elegy dere yl Wevsreln, “Amen Cy of oy G 


Blyx MEAL MS oa Cuh, a ek Shee 
POuUnC mmaC je 4 oar Hy Oo O sCd 7a 2 ao. 


Patinr Gatbarroree ll. an Geter UM Oy LUC sms. Oe 


(doublet eH—1e Bsoacing /.oe2) 366.42 (triplet, ea—27espac Gg 
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ev 


br-rveyv4 3: yt 3 7p te ai fvasg 
- { | he = =4 ‘ i 
&¢ 
(#evew ot t yoy 80.8 = 


LO.c : - Si cRO- Mais 


Baetisee (2-0 , Juki) 


eet efter bi besxéqsx ox: 


7) ¥ 


i 


Me mottacoqava im OSeSr09ts 
PEL Papa : 
- oe - 7, ne 


















7 & 
met Lott liaseges bas bese CYIeoesD 
fi f)-16 bboty évivertieslp ans 
ol ,abPeédadyooorsigtse iyxedolsys 


siiysivosmnownd vEEE 

iy =e ay srusittar edt 

iocalh as ciaey spetedoxeenot 

oemes bus Deloe!l toy etew sagkgnaes 

eX: owt at bedosseb 

tealfpryeih Daf OSes 

Onis=O s\3 i noaeoatt 

cel-lel’.qim ,(e @.8) £8 Bapeees 
iui lietaysen » (xetew vl 


hes : tis tem sok epnadt> on 


ah 


iJ 


D) ed (of sais5 .<2vie9 


{ i MIcoeage » i-k .t6iduob) 
| nea 
Sib tein tag ta litae a of? .(sn 8. 


1% Pave 
ae 

a 
> @e 





7- ans 7 7 
=a ‘ 7 


S 
pe? 7 
; 


80 


t e . e 
ial, seared, slor C1 9H, j0,C1: Cre > Oe poe] elo = 
(EA ra aA 
POUT Comme Cima Oot palin (OU Cl.) An oe 


Pem.pe data for 22),.in deuterium oxide: 7 5214 
‘doublet! 28-160 spacingtses fiz)+1'6546 (triplets H-2, spacing 


om HzZy) eee elie ih R- paranecters are~w shown ine Taole 2. 


LS (1'S)-trans-2'-Chlorocyclohexyl a-D-glucopyranoside 


(25). 


aif Gasca See chiceaevel ohesyi tetra-0- 
Scetvy ip U-olucopyraneside: (2s) . 
Compound 21 (i> g, 5.1) mmoles) was acetylated to 
afford compound 23 (eee 20), lr. bos 1542, ice 4 


8.36 (c, 0.993 in chloroform). 
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ay. (1'S) -trans-2'-Chlorocyclohexyl tetra-0- 


acetyl —c-2D-=g1ucopyranoside, (24) . 


Compound? 2380 .l.5) gy, 342) mmoles)! wasPanomerized 
Unde reer Pa scOonditons form Osh temicidua-pale, yellows oil. 
Crystallization twice from ckellysolvelBoyielded 24, (1.2.4, 
24 : 
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cyclohexyl ring protons). 


Lid... Deacetylation,. 
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1 se s 
iva (ear cCaecw Ce = Ol C1 9H O,6Cl: CP) GAB823 7; 


Hott). 3s) Cleo. 
a@intel Gla TSE Aki Pathways Aba Sais 


Pemss, datapior.25,5<in,deutériumpoxide:, 7 4.96 
(doubtert, Hal} spacingsoie4 Hz).°°The re n.m.r. parameters 


are reported in Table 12. 


14. (1'R)-trans-2'-Chlorocyclohexyl a-D-glucopyranoside 


(28). 


nee (UR) trae —2) —Ch orocyelohexyl letra 
acetyl1-8-D-glucopyranoside (26). 
Compound 22 (igtg,, 3-37 mmoles) was acetylated to 
afford compound 26 (CAME Fee SIE PG re Sie alee ed ea [a] 24 
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dis (1'R)-trans-2'-Chlorocyclohexyl tetra-0- 
aAcCelVI ar D-giucopyranoside (27). 
Compound 26 (1.3 g, 2.8 mmoles) was anomerized 
Under ret luxtconditionsstor 10 h-totyieldta pale yellow oil. 
Cyrstallization twice from 95% ethanol afforded compound 27 


(0D me BURL, fae, Meme. [al oe Se) Pita, oh Gee) 


ehlioroterm):. 


1 ° ° 
Poe CaLeea., for C5 pfly 90} Cl: Cron 


le (ences Tiley ih dae 
NOS MET Sek ats Ey FaGe cn ees edb = wh Ne ps 


Polio tom Ome ay mein Ch lOrOrOrm—-d:s 2184. 37-4057 
(quartet, H-3, centered at 4.47, spacing 9 Hz); 4.60 (doublet, 
H-1, spacing 4,Hz); 4.94 (triplet, H-4, spacing 9 Hz); 5.06- 
wecimeGuattct i-2, centered at 5.12, Specingge HZ) 3s 54 
Oe Cm epi OuOlo i -5 tO Mande —6, H-l" and H=24)> 7.97% 
fed iJ ?, 6. 00) (APacetate Signals) ;-8.1-9.0 (8) remaining 


SY AONeZy !y ring=s{procons) . 


iii. Deacetylation. 


Compound 27 (1 g, 2.2 mmoles) was deacetylated to 


Yield crude 25. (0"62..0)5 [a] ** eatery th Aer IP ebay siege sue) 


Crystallization twice from ethyl acetate afforded compound 
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' ° ° 
Atialam Calce d melon Ci 5H519,C1: Cyr ace Sr 


iin (luce Teil, slabasise 
HOUricl: Mu Gy ans .0/.0,7mell pan dice Orr Colman Lids nyA 


Plt. Gee Gor amrOreZ Oo PIN eCauLen umeaOxtae:, 1 45:66 
(doublem, H-l, spacing 432) 6.30-6,44 (quartet, H-2, 
Sen le Camden. 51, Sbacinge4ehi2) . . The Conn parameters 


aremsnown 10 Table 12) 


155 (2'R)-trans- (6'S)-trans-Dimethylcyclohexyl 8-D-gluco- 


pyranoside (30). 


ave (2'R)-trans- (6'S)-trans-Dimethylcyclohexyl 
tecna-0 -acetyi-——-D—¢ lucopyraneside (29). 

The Koenigs-Knorr reaction of tetra-O-acetyl-a-D- 
glucopyranosyl bromide (2.46 g, 6 mmoles) and trans-trans- 
Z,O-cimethy)cyclohexanol (3°g, 23.2+mmoles) yielded crude 
Coe i ao Gg) see Uke crude product wase chromatographed on sHilicic 


acid using ether/Skellysolve B (6/4) as the developing sol- 
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SeH2Z) > 5.72-5.96 (H-6' and H-6); 6530-6.54 “(multiplet, H-5, 
Centered atecea. t:) fac * (eetp Met? sal’, spacing 9°Hz); 7.97, 
Gu007) 0.02, BSn04= (4 acectacewssignals);88.20-9.2 (8 remaining 


cyetonexy! ring protons and; two.CH., doublets). 


5 


tv. Deacetylation. 

Compound 29) (0.5 gq, lL. mmoles) was-deacery lated 
tomy teomurcruae 30) (0, 300g) = Crystallization e£wice* from 
Culm ieeacetate sartorded compound 30 (0.25 9g, 80%),"m.p. L73- 
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C-n.m.r. parameters are shown in Table 13. 
EG (2'R)-trans-—(6'S) -trans-Dimethylcyclohexyl a-D-gluco- 


pyranoside (32). 


ae (2'R)-trans- (6'S) -trans-Dimethylcyclohexyl 
tetra-O0-acetyl-a-D-glucopyranoside teres 
Compound 29 (0.52 g, 1.14 mmoles) was anomerized 
under reflux Bee ey" for 2.5 h to yield a pale yellow oil. 
Crystallization from 95% ethanol afforded compound 31 LO Ga = 
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A e ; e 5 ri 
NalieCa lel ca fOr C5 9H3 4915? CT a Tae) ite At, 


POUT meee Ou/co) 2 et 207.243 Oe 


Pomer. data for 3 ei chloroform-ds) t 4.35-4...55 
(quartet, H-3, centered at 4.45, spacing 9 Hz); 4.80 (doublet, 
emo eC Ing 4aHz) uh 00 (oriplet ~ H—4. SDsClnG WZ) 64.9 3 
59.09 (quartet, H-2, centered at on Ol smacimgs ACH enh bo — 
6.08 (3 protons H-5, H-6' and HimgO) june di iealtrip Let ,J Hale , 
Se Om Hee. 95 4 1. 967 Oo), 8.00M(4 acetate Signals); 
Geea7. 1 (Oo Temaining cyclohexyl ring protons#and two CE, 


doublvecs):. 


ia. ~Déeacetylation. 
Compound 31 (0.4 g, 0.7 mmoles) was deacetylated 
COnmy ro ldmeride Ss 20's 24 o.)e, PyStallizerion si rom, ct ny. 


acetate afforded compound 32 (0.21 g, 84%), m.p. 158-159°, 
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17. Cyclohexyl 6-deoxy-8-D-glucopyranoside (37). 


i. Cyclohexyl 6-0-p-toluenesulphony1-s-D- 
glucopyranoside (33). 
Compound 2 (6.3 g, 24 mmoles) was tosylated in 


the -mannér “previously *described .“"Recrystallization of ‘the 





crude product from an ethyl acetate-Skellysolve B mixture 
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ii. Cyclohexyl tri-O-acety1-6-0-p-toluene- 
sulphony1-8-D-glucopyranoside (34). 
Compound 33 (7.8 g, 19.2 mmoles) was acetylated 
Somat Cord compound o46 (0.758 G,900s)), meee LOO LOl# 
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Dale Gdatam Ores4, 1n chioroform-d: « 2.20 -2.74 
(4 aromatic protons as a AA'BB' quartet, centered at 2.47); 
4.86 (triplet, H-3, spacing 9 Hz); 5.44 (doublet, H-1, 
Spacing 8 Hz); 5.83-6.06 (H-6' and H~6); 6.20-6.60 Caveeier. 
Teprandeie ine 779 8(sing let. CH, of the p-toluenesulphonyl 
Group) so. 02, Sr05, Seb @=(Sacetate Stonals) 2052-9 70 (1'0 


remaining cyclohexyl ring protons) ; 


iii. Cyclohexyl tri-0O-acety1-6-deoxy-6-iodo- 
ba-—g lucopyranoside. (35%).. | 
Compoundes4, (3).5aq, 15.7 made was reacted with 
sodium iodide as eee Gescuibed ro ¢yaeldea crystalline 
mass (6.83 9g). Recrystallization from 95% ethanol afforded 
compound 35 (6 g, 77%), m.p. 168-169°, [a] <" ogee ey. ie 


Meee LoGO hou. ks 
T e se 
Ava. "Canc ™as §LOr C195 5091: Crass: 


Lig Oot Op olepn Doe 76 
Liev euaisles CGS HESS ros IooAn ssieyiheuee PVA” Ro red op she 


PL. Oe oacartOr 555) an chlorororm—d set ee acs 
templet, eH-3, spacing 9 Hz); 5.05 (triples, i-2, spacana 
ez eos, lLO (triplet, H=4) spacings9 Hojr 15.43 scdounteu, 
Hal, Spacing & Hz): 6.22-/504. (4 protons sho, eH olerand 
H-6 7. ia 1) 17299, 38.01, 8.04 (Seacelare signals) sc. )—9, 0 


(10 remaining cyclohexyl ring protons). 
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iv. Cyclohexyl tri-0-acetyl-6-deoxy-8-D- 


—gliucopymanoside (36). 


Compound 35 (4.86 g, 9.7 mmoles) was hydrogenated 
at 60 p.s.i to yield a crystalline mass (3.46 g). Recrystal- 
lization from 95% ethanol afforded compound 36 (3 CEasoe) | 


m.p. 126-127°, Taiog SCM oe 08558 ech orotorm). 


i] . ° 
Ane Wee Ca veld. for C1 gto QP: Gay Sy sles OS) es VE Tiaet sie 


POUT Cee Come OC US pest ahi re 5 Ls 


Pec. Geta shor 36, in’ caloreform-as Tt *4 P83 
Ceriplet, H-3, Soria ua IPA ero ono (quartet, H-2, 
CEULeLeC samo los srpacingys Hz) 7955.20 (thipliet, H-4, "spacing 
OE) oto 8 (doublet, H-?,"~spacang 8 HzZ)> 6.30-6.62" (2 
BECtens, eh Mangala ll) Yoo, 6.02) (Stacetate: groups an 
ratio 2:1 respectively); 8.1-9.0 (10 remaining cyclohexyl 
ring protons; doublet, 6-deoxy CH,, Centered wat o./ 95) Spac- 


ing 6 Hz) 


v. Deacetylation. 


Compound 36 (2.3 9g, 6.2 mmoles) was deacetylated 


to yield crude 37 (1.4 9), rae 504 Jae census 
methanol-water). Crystallization twice from an acetone- 


Skellysolve B mixture afforded compound 37 Gaaeetety MALE OTe 


HAO 


D SS Dane MOOG Rina bos methanol— 


Tp ae lost L6S ue bo} 


water). 
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Dna vee Calc ceeator .C CE Sra sap Gh, “Aes 


1289205? 


FOUnC ee Chemo. O0sBH a9. 04% 


P.M. weecatamtores/,° 1 20s methanol-d,-deuterium 
Oot. CON COUD Let, sue] se Sspecing. ce Hzjsn 6.67. (doublet, 
Hee ech aCcinds Je mebveeecoupling with H-l)i 93.56 (doublet, 


6-deoxy CH Spacingao sHZo.. 


oi 
TL eemecCyoclLonexy). -6-deoxy—-c-D-glucopyranoside, (39). 


ieeeeCVC1LONexy lata -— co -~acevyl —o-dcoxy—-c-D— 
glucopyranoside (38). 
Compound S6"(2%¢, 5.4%mmoles) was anomerized under 


Pew CONOdt ONS LO wen co yaeld an o1l which crystal— 


irzed=vpom the addition of Skellysolve B (1.9 g), [alo 
Pisore (ce e005 1 chlonoform). <Recrystallization [rom 


O5¢eethang) afforded compound 38 (1.5 0% 752), .m.p. 143-144", 


[al*  165.1°° (c;/ 1.018 in chloroform). 
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MOUC Or bd COU smi yl O. 


Puemer. dabas for 30, winechloroform—d-eamen 4-465 
(quartet, H-3, centered 4.56, spacing 9 Hz); 4.87 (doublet, 
Hele eSpactides.. blz) so. 19-5. oud eel aoe centered) 5.26, 
Spacing si Uz) ibe 25 bri plet, Hoa) we pacing 2002) 7 om oe 
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Haine Centered 6.45)i7, 7.9/7, 8.01 (3. acetate groups in ‘the 
Patio 27: l respectively); 8.0-9-1 (10 remaining cyclohexyl 


ring protons; doublet, 6-deoxy CH centered at 8.85, 


Rf 


Spacing 6 Hz. 


ii. Deacetylation. 


Compound 38 (0.9 g, 2.4 mmoles) was deacetylated 
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5 co DAG gee eke Clk ak ANG): 


tomyvelogcrnde 295.10 58 3) js slce 
methanol-water). Crystallization twice from an acetone- 


Okeliveolve bem xtuLre, alrrorded compound 39%6(0253 gq, 892), 


fen We enaloy meee Mge.4° (a) 1 in 10s metranol-water) . 
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1g 2 2p Dy 


meng Jey eke alley eee NU eae 


Pema. alata, formis9,, fnsdeuteriumioxides-ast 45.91 
(detioke: seus Wesspacdtcdesa). Svizie 8.61 xidoublet, 6-—deoxy, CH, 


Spacing» 6, Hz )s, 


ESS (1'S)-trans-2'-Methylcyclohexyl 6-deoxy-8-D-gluco- 


pyranoside (44). 


i. (1'S)-trans-2'-Methylcyclohexyl 6-0-p- 
toluenesulphonyi-8-D-glucopyranoside (40). 
Compound 59{4 g, 14.5 mmoles) was cosylated in 
the manner previously described. Recrystallization from a 


ethyl acetate-Skellysolve B mixture and then from a benzene- 
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ethanol imisctune faltorded fcompound -4.0.4(5.3 tg , 85%), enap. 


127-128°, tayo" MEA ehh 0 Sain ‘eh lorokoun 
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Ane lc Gale. U.m. OF Coo H3 9998: Cy Deo 


27 ogee s 
POUR mm we o Oe cease Os) O so, J. Ole 


Pans. eoata ror 40,)1n chlorotorm—-d: 1 2.20—-2.78 
(4 aromatic protons as an AA'BB' quartet, centered at 2.40); 


Peo0s (Singles, CH. of p-toluenesulphonyl group). 


di Kites) —crane—2!-Methylcyclonexy!) tri-0- 
acety1-6-0-p-toluenesulphony1-s-D- 
glucopyranoside (41). 
Compound 40 (Sh 12g ch il -Semmoles)ewas acetylated 
tomareord) cruder41@ (6427 ¢) © Recrystallazation «rom 95% 


ethane ley telded compound 41 (5.7 g, 86%), m.p. 155-156°, 
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an ABX system, H-6' and H-6, centered at 5.83 and 5.97 
respectively); 6.12-6.34 bralisifn Theis H-5, centered at 
6.23); 6.83-7.12 (multiplet, H-1', centered at OwIS)I4e7 A54 
(Singlet, CH, of the p-toluenesulphonyl group); 7.97, 8.01 
(3 acetate groups in ratio 2:1 respectiwvens) +t 20 01-9). 2! (9 
remaining cyclohexyl ring protons; doublet, CH3,centered 


Bre ee SPACING: .O:hz).. 


iii. (1'S)-trans-2'-Methylcyclohexyl tri-0- 
acetyl-6-deoxy-6-iodo-8-D-glucopyranoside 
(42). 

Compound 41 (og, 98 mmoles), wasyreacted: wath 
sodium iodide as previously described to yield a crystalline 
mass (4.94 g). Recrystallization from 95% ethanol afforded 
compound 42 (Jo 2 Oe) 2. > el Sio—a Ca © [a], i ae 


Pain ch toroterm) = 
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iv. (1'S)-trans-2'-Methylcyclohexyl tri-o- 
acerty!=6—-deoxy-8-D-qlucopyranoside (43). 
Compound 42 (4.14 g, 8.1 mmoles) was hydrogenated 
eateolep.s.1. to vyielo a ‘crystalline mass (3.06°¢q). Recrystal-— 
iigeaeronwsrom 953) ethanol aftorded compounds 43 (2.6 g, 8382), 


Me Daeloeao aoe, [al<* Toon Cpa sine ClloroLOrm)!, 


bat @) oo Or tl peed oo 
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Pivoel ns ComlCuce ae O17 3028: 
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Hound:ae Cheese. Sorehend7s 3. 


Pelt. scata LOL 43, aT ECNLOL@GLOLM—-as 914.04 
ten olec mia opacing. Jia) eos lia(tripler, H-2,) spacing 
SE ICee > Omen Ole aiid, spacing 9ehz) = 5 44 (doublet, 
he soaGindeoulz); 6.51-6.59 (multiplet, H-5, centered “at 
6E4 oP eenooea commu LtCiplet, Holl centered ateo.9/)e 1.94, 
Oe om Oe aCe Caer CTOUDS) ,1o.t=9. 2) ( 9 remaining, cyclo— 
hesyie ring protons; doublet, o-deoxy CH,, centered at 8.76, 


Spacing, 6 H2s doublet, CH., centered at 9.06, Spacing 6 Hz). 


v. Deacetylation. 


Compounda44, (leg ,G2.85,mmolles) wastdeacecy lated 


Powyieldscvude, 440 (0n65uq)) [a}<" Seok , Uoes an 
ciiloroform).. Coystallizoeion «twice taomranselLhyieacelal es 


Skellysolve B mixture afforded compound 44 (0.54 g, 81%), 
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Pit. Geedata a tameeAge in Ll 5s methanol-d,-deuterium 
Oxtoecmets 5.49 (doublet, ai-1, Spacing 8 Hz)> 6.68: (doublet, 
Hee eopacingss Hz by cecoupling with H-1);> 8.66. (doublet, 


6-deoxy CH, Sacco Zjemeo. CN LdOUD et. Ch 


ae 
20. (1'S)-trans-2'-Methylcyclohexyl 6-deoxy-a-D-gluco- 


pyranoside (46). 


a (1'S) -trans-2'-Methylcyclohexyl tri -0- 
acetyl-6-deoxy-a-D-glucopyranoside (45) 
Compound 43 (1.36 g, 3.5 mmoles) was anomerized 
MNOeCteiGer Us CONC LONSe LOM, Lao he to yield -an cal which 
Cyostallizeacmupon thesadditaiont of Gkellysolve B. (1.2 g), 
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[ol] 5 ee Gee Co u(C a OCp a Meech OrOLorm) we hoorvstad lization 


twice from Skellysolve B afforded compound 45 (1.04 g, 76%), 
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SelZ ono nO UCM Le LD let. sH-5.,. centencdaat o 5.86 )een6..7 2—- 
JavOe(Mu tei laty wis! centered at, 6.89); 7.94, 7.98 ( 3 
acetate grotips@in the ratio 2:1 respectively); 8.0-9.1 


(9 remaining cyclohexyl ring protons; doublet, 6-deoxy CH3, 


Cenverecadrac 0.05, spacing 6 Hz* doublet, CH centered at 


AY 
Ooo Pes pacingso 2). 


i... @ Deacetyiation. 


Compound 45 (0.7 g, 1.8 mmoles) was deacetylated 
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neh Loos (Cy als 1m 10s 


tomyiela *crude 4 66e(0.49 -¢)s,,<[ a] 

methanol-water). Crystallization twice from an acetone- 

Skellysolve B mixture afforded compound PREM esis vel, EC 
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Scere. Or COUub Se, Hal, Spacing’ 3.5 Hey>.6..69) (doubler, 
Hazes opacdiia 9 HZ by decoupling with H-1));"8792) (coupler, 6— 


deoxy CH3, Spacing= Giz) *;eo", 16 (doublet, Ci Spacang 6 Hz). 


Gu 


ae 

















al 


sy.) 1(86.2 de patesnee f=. ,taltqisiond £9 .a-@a.e, ¢ He 
‘ ao.° be. t + (08.8 de Begecaeo , *I-k , JetgbaLom) 30.0. 


+ 
0.2 -(olevioueqgeee [12 oldey ade of sqtore eeareen 


, yA fop (| aseoroctd pricy leuaioloys poainilemes @) ras 
. ¥ 


5 . He . mh +s a toace .€3-8 gs Setesnes 


. (38 a ctlosqe 2.8 


ynnad it 
; » Havogegd 
, 03.9) ob ebuze bielty oa 
j feyx® .(tetev-lofisdzemg 
an 4 svlozeyiisde 


.otL + ““tel. .9OSf-Cf8 lau 


) »B* ate fom 


‘e 


2haUoy 


Ji 


2. (1'R) trans-2'-Methylcyclohexyl 6-deoxy-8g -D-gluco- 


Dyranosioem( 5 )/. 


i. (1'R)-trans-2'-Methylcyclohexyl 6-0-p- 
toluenesulphonyl-8-D-glucopyranoside (47). 


Compound 6 (4 g, 14.5 mmoles) was tosylated in the 
manner previously described. Recrystallization of the crude 
product from an ethyl acetate-Skellysovle B mixture and then 
from benzene afforded comeetnd 47 (Anes. gf FSe)7 m.pF L24- 


125° [a] ** =957.2° (e) 2.005 in chloroform). 
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(4 aromatic protons aS an AA'BB' quartet, centered at 2.50); 
7ecomGsing Vet, CH. of the p-toluenesulphonyl group); 9.13 


(doublet, CH Spacing 6 Hz). 
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ii. (1'R)-trans-2'-Methylcyclohexyl tri-0o- 
acety1-6-0-p-toluenesulphonyl1-8-D-gluco- 
pyranoside (48). 
Compound 47 (4.6 g, 10.6 mmoles) was acetylated 
to afford crude 48 (5.72). Recrystallization,from 95% 


ethanol afforded compound 48 (4.94 g, 83%), m.p. 130<1731°, 
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Anois  Calice d'.. Tor Co 64369115: Crmre G20. 
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Spc inemomn 2) Ge Soll (oeiples,. 1a? spacing = 8:Hz); 5-45 
Gigub tem Asi espaGlng. culz)i; 65.80—6.05 (2 protons as the 
APE poGesoreceobx es Stem, sl-6 sandsH—G,scentered at, 5.79 
ana moaoo cespect ively); 6-14-6536 eel ene H-5, centered 
Bio we oe io oy COUN MUltipiet, Hel"; «centered at) 6.387); 
eos (Singlet, CH. of the p-toluenesulphonyl group); 7.96, 
SmUCmtsmecetatercreUpSsHiletiecsratio 2s) respectively); )651— 
952,469 remaining cyclonexyl ring protons; doublet, CH, 


Centered at 4.0 /ee Spacing, Go Hz). 


iii. (1'R)-trane-2'-Methylcyclohexyl tri-0- 
acety1-6-deoxy-6-iodo-8-D-glucopyranoside 


(49). 


Compound 48 (4.75 g, 8.35 mmoles) was reacted with 
sodium iodide as previously described to yield a crystalline 


mass (4.3 9). Recrystallization from 95% ethanol afforded 
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compound 49 (3 .720g 853). map. 194-195", Lol), 
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Pam<r datas tor 49, in chloroform-d: 1 4.80 
(Copter, Uo, spacincaeomne\e 5.07 (quartet, H-27 spacing 
S92); 5.14 .(triplet, H-4), SPacl ng i) eon A Ag a(coubie te 
Bee opaCi noes Hz) sa 6.3 4—7 ,00.1(4 protons? H-5 9) H-6° and 
Oat ea tiaa/a. 94/8, & nC Cn 0 Omal 3k acetate Signals); 8.1-9.1 


(2. remaining. cyclohexyl ring Dweptons;, doublet, .cH centered 


ay, 
alec. 9S ,e spacing 6)Hz). 
7k (1'R)-trans-2'~Methylcyclohexyl tri-0- 
aeetyd—6-deoxv-p-p-glucopyranoside (50) . 
Compound 49 (3.5/.0,.,6.97. mmoles) was hydrogenated 


GtwOCNOwsel.etOsyvield ia crystalline masse .48 ois 


Recrystallization from 95% ethanol afforded compound 50 
| 24 
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Grea )=6. 74-7 SOOM (multiplet; H-lt, centered 6.87); 7.94, 
Pe96, 7.986(3 acetate Ysignals) "8 .1-9.1 (9 remaining “eyclo- 


hexyl ring protons; doublet, 6-deoxy CH centered at 8.73, 


RY 


Spacing 6 "Hz: idoubleét ,-GH centered 9701} “spacing 6 Hz 


a 
v. Deacetylation. 


Compound 50 (1 g, 2.85 mmoles) was deacetylated 


to yield crude 51 (0.64 9), [al<* - 


9.05 eamehGgt #0:. 99'S. 2aay 

water). Crystallization twice from an acetone-Skellysolve 

Pan “ease toam, orded «compound 951 710.6507 88S), MapiellL7-118°, 
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[a] 5 —e99249 (c)i50.998 Jin 110% emethanol-water). 


| a cs a . . 
Mild! .) Calc, d, LOL C1 3H, 40%: Cee eo Oe yee ao 
Pounce, 59.7235 Hy 9227. 


Boni ata Orme on) bbs methanol~d,-deuterium 
Orie reo doublet, bb, spacing 8 Hzji; 8.97 (doubler, 
spacing 


6-deoxy CH Sracanenc diz )s2.27. (doublet, CH 


ay oY 


GHz). 


22. (1'R)-trans-2'-Methylcyclohexyl 6-deoxy-a-D-gluco- 


py manostraue = (53)"% 


Le. (1"R)=trane-2) =Methyleyclonexy Wein —O- 
acety1—6-deoxy—0-D-qlucopyrenoside (52): 
Compound 50 (1.85 g, 5.3 mmoles) was anomerized 
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crystallized" upon the=addittion sofaSketiysolve-B* (li6%g); 

24 ‘ 
[a], to oom Cm Oternmech Osoperm). Recrystal lization 
twice from Skellysolve B afforded compound 52 (1.2 g, 673%), 


Wp. Gi=9S°: lela. ert ee en Cee lal eC LT OrorGrim )s. 


Anat. BCalcldashonic C¥ 559.05 + (hn Ss. 


Ne 40-3 
MOUMG Cry SOG es. Oye 
Estat. Caca 2Ormo2 ,9i) Chiorotorm-d: | 2c 4737-4. 57 
(qlarcet, H-3,~centered at 4.47; spacing 9 Hz); 4.86 (doublet, 
ape cpaciig 4) Hz) Se07-5.21- (quartet, H-2, centeredkat 
5.14, spacing 4 Hz); 5.17 (triplet, H-4, spacing 9 Hz); 
So GnOoemilLiaolein, H—5, centered. at 5.90): 6.88-7.20 
Guirere ree H= centered at 7.04 )s" 7294" 7.98 (37 acetate 
groups in the ratio 2:1 respectively); 8.0-9.1 (9 remaining 


eyelohexyinring protons; doublet, 6=deoxyecH centered 


ou 


Geoepmepacing —6 Hz>) doublet, CH centered at 9.05, spacing 


Su 
Gaorizs) 


ii. Deacetylation. 
Compound 52 (0.5 g, 1.3 mmoles) was deacetylated 
to yield crude 53 (0.39 g), [a] 2" +58 2c (coe aol oe 
methanol-water). Crystallization twice from an acetone- 


Skellysolve B mixture afforded compound 53 (On 3207; eo 25) 4, eile. 
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! ° . 
Anal, Caley da for C1 3H, 40.: Che 59.935) Hy oe29 2 


Found = Cymoo.oos HH, 9.06. 


Ponevtee Oata fom oo, in 15% methanol-d,-deuterium 


Ox 1 Ceo me acl OCR COUDMet gh), eSpacing 3.5 HZ) 6. 40g(donblet, 
Do 2 oeacing 9 uz bvacecouplang with H-1); 6.65 (double 


6-deoxy CH,, Spacinge 6472); #8.87. (doublet, CH, spacing 


6 Hz). 
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Mm CaArcoOnae!| Ss) cChneMnice Ssnure. studies 


The labelling system employed in the assignment 
Of CGCarbon-13 chemical shifts form the. model, compounds 
presented in Tables 10-13 is summarized in Fig. 6. 

Assignments in the glucopyranose ring were made 
by a comparison with the published results for the chemical 
shifts of methyl a- and 8-D-glucopyranosides (89). The 
Chemicalesnit tts. occurring ~ateC—2 yancd .C—-5 sare reversed from 
Pie temer~raiNiaigasesqnment os(s9) duc tosrecent results 
Ghee tem ier Selaboralcosy OnsviGinal carbon—1 3eto 
proton coupling studies of simple glycopyranosides (75). 
Nomewcna ficame *changes in the \C—2,.t0 «C=6aresonances are 
observed, either among the model compounds studied or among 
those observed for methyl a- and 8-D-glucopyranosides. 
However, Large schemical shift schanges .aré.observed at iCal 
and seem to be reflected in the pattern of equatorial sub- 
Serene ionkvicinal tovthe -agilyconic carbon .,atom, 

Assignments of the.carbon-13)chemicals~shifts for 
the aglycon carbon atoms, especially at the 2' and on 
positions, must be approached with caution because it is 
expected that any rotational changes OoecurEInGg abou sine 


glucosidic linkage could possibly be reflected in the 
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Chemical shift changes at these positions. These rota- 
tational changes, if occurring, would not affect the carbon- 
13 resonances at centers remote from the glucosidic bond 
system and their assignment is not critical to the subsequent 
discussion. Hence, the chemical shifts observed at the 3', 
4" and 5' positions are assigned primarily on the basis of 
their expected calculated values. No significant changes 
are observed among the assigned values for C-3', -4"' and 
-5' in the a- and g-linked glucopyranosides studied. 
Themchemical ¥shitts tat C=likinecall compounds mand 
ate Caer By te hemmonc—substituted 60'S eand sh") D-giaico= 
pyranosides can be assigned with confidence as these would 
bewehiksceoesicnaticantily sdownfiteld irelativertotthe observed 
Chem calvchift="for the wnsubstituted “carbonsatoms; cthesc=L’ 
chemical shift resonating at lowest field when compared 
Wt thwe—2 ee Thefchemicalgshtiits*{orethe 42 Anandséimepositwens 
OLpncyclohexys 6— and a-D-giucopyrancosideso2sandetwand their 
dimethyl derivatives 30 and 32 are also expected to occur 
downfield due to Ay eae effects. (a .and/or 8 shaitt 
effect), but cannot be irrevocably assigned due to the 
iz, PpM dLiference,in observedechemical sshiftssoccurrimg 
at athesespositions —. —~Simidarly wtheseassignments sof ecarbon— 
I3eSHU-bosa keh CL woossELone inethe mono-substituted > 
cyclohexyl D-glucopyranosides are not certain, although 


on:the basis of the empirical rules for the; calculation 
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of chemical shifts (83) it is expected that these resonan- 
ces would occur at slightly higher field than the: chemical 
shitts observed at C-3'. 

As was the case with the C-1 chemical shift of 
the glucoside moiety, Significant differences are observed 
at, C=is .of sthe aglycon and show,.similar trends. to, those 
observed at C-l. Namely, an equatorial substituent (CH,, 
OH and Cl) on the side of the glucosSidic linkage remote 


frome ties pyranolducing, oxygen atom s(cf.scompounds.5 ,A3 


~ 


ande21, and, 12,20.and 28) causes significant deshielding 
in Ae Rea values for the chemical shifts at C-1l and 
C-1' when compared to an equatorial substituent on the 

same side of the molecule as the ring oxygen atom (cf. 
compounds yet 49ance 224and.95, 17 and 25). ° Smaller chemical 
shift differences have been previously noted between the 
gaan 6° BOSttE1onS. of compounds 2 and 4 and between com= 
pounds 30 and 32. Differences are also noted between the 
Chemicalmchatces at the 2' or 6.’ positions of cyclohexy] 
D-glucopyranosides 2 and 4 and the comparable methylene 
pesterons vicinal to the aglyconic Carbon atom in thesmono- 
substituted cyclohexy! D-glucopyranosides. Theseudiitier— 
ences between the comparable methylene positions in the 
mono-substituted derivatives are real and cannot be 


explained by the y effect associated with an equatorial 


Substituents Mccordingetowvad ling, and Grant: (2/)), che 
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substituent effect at the y position is negligible when 
compared with the effects observed at the 8 and a 
DOSLLLOMS . 

In’ cyclohexanol, the 2' and 6" methylene) carbons 
are in a similar conformational environment and no change 
in the carbon-13 shifts of these carbons is expected or 
observed (cf. Table 7). However, in the glucopyranosides 
under study, these methylene carbons are no longer equiva- 
lent due to the asymmetry of the glucosidic moiety and 
differences in carbon-13 shifts at the comparable 2' and/ 
Or 6 positions=in the model compounds; might be: expected 
due to differences in the orientation of the aglycon with 
respect to the glucopyranoside: ring.. These differences 


have, in fact, been observed. 


The chemical shift differences observed at the 
Cie 2" and/om oOo positions in thes mode compounds 
will be subsequently discussed in relation to an attempt 
to calculate the rotamer populations for the three staggered 
orientations of the cyclohexyl aglycon about the C-1' to 
O-1' bond. This consideration necessarily assumes that 
the cyclohexyl ring has the Cl CONLOrMacion vce em 
fo OL bond and the equatorial substituent in ay di— 
equatorial relationship. Evidence will now be presented 
from the observed chemical shifts of the methylcyclohexyl 


D-glucopyranosides, 5 and 6, 9 and D257 woe will negave 
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the possibility of conformational changes occurring in the 
cyclonexyleringpitsel!f-sthat/is, to the alternate chair 
or to one of several possible boat or skew forms. 

The methyl substituted derivatives were chosen 
for this argument primarily because the chemical shift 
parameters for axial and equatorial substituents (either 
hydroxyl or methyl) in cyclohexanols have been well docu- 
mentated in the literature. The compounds to be discussed 
are compared in Table 14. 

Comparing cyclohexyl 8-D-glucopyranoside (2) and 
(1'S)-trans-2'-methylcyclohexyl §-D-glucopyranoside (5), 
large changes are observed between the chemical shifts at 
C-1', C-2" and C=-3'. These changes are normal for a 
diequatorial substituted cyclohexane ring and can be 
accounted for by applying the methyl substituent parameters 
observed by Dalling and Grant (27). An equatorial methyl 
SupbSstituent increases thetchemical shitts*at each of the 
Vicanal B-cazbons by a value of +8.9 ppm and increases the 
chemical shift of the a-carbon (point of methyl attachment) 
by) +5. 6) pom. Smaller vshitt changes would occunmeacethes) 
and son car bonss bubwaresiINnelonisicant. These paramecersewien 
added to the appropriate observed chemical shirts for com- 
pound 2 give excellent agreement with the observed chemical 
shifts for (1'S)-trans-2'-methylcyclohexyl 8-D-glucopyrano- 


side (5). A similar comparison can be drawn between the 
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TABLE 14 


A comparison of observed chemical shifts for the cyclohexyl 
carbon atoms of cyclohexyl a- and 8-D-glucopyranosides and 


their corresponding 2' methyl substituted derivatives 











Chemical shifts (ppm) 
relative to TMS 


Compound Cs CGH2e CSS’ Caan C5. Car CH 





TOC B3e0 24.2 POs o ZAMS. 32.0 


B 5 SEG Seis) 3470 202 2a eae 8 Lop 
6 84.0 eS 3306 25 92 24.7 Se Lee 
4 1B.1 Selo) 24.4 20 24.2 Be 

a 9 80.8 SHAD 8359 25.4 24.7 SOR 1 Oeee 


Le ee Sisko Boal 2) 25.50 334 Lees 










- - 7 a 
> aie : : fey wi : ' 
a 






bf ‘SaaAT 


e | 


are 
ieeeP os, 7 
lyxovlofoy> ads sot ejiige Ieotmets beryrteddo 20 fips IZEAGaaR aS 


a 
bas eobizansryqooutp-Uet. Sas --o- Lynedeioye 26 ag00— ll a 
w—eiteyiseh Soawridatys letter ** oaleaogeeiaae thodd, lie she 


" = 4 
= -s Pn DP ED, . 7 


/ 


> 


alales| 


observed chemical shifts for cyclohexyl a-D-glucopyrano- 
Side (4) and (1'R)-trans-2'-methylcyclohexyl a-D-gluco- 
pyrancoside. (12). « Thesshift changes.occurring, at. the. 6. and 
a carbons are normal and are accounted for in a Similar 
manner to that described above. The chemical shift 
difference between the assigned values for C-1' in compound 
2 and (1'R)-trans-2'-methylcyclohexyl 8-D-glucopyranoside 
KGleeLSeOn ly 4.°. pommeanid) 19, samilaretco the.~8§ shitt parameter 
observed in substituted cyclohexyl derivatives where the 
methyl substituent is in an.axial.~orientation. ,. If this 

is indeed the case for compound 6, then relative to the 
chemical shifts observed for compound 2, a similar change 
should be noted at C-3' and the chemical shifts at C-4' 
enoec-ormseoulo be strongl vw shielded by 54.2 ppmedue.to. the 
y effect associated with an axial methyl substituent. 
These large chemical shift changes are not observed. A 
Similar argument can be applied to the observed chemical 
Shr toe ouetenence at Cz tor ell 1S) —trans—2 y-metbyicyclo-— 
hexyl a-D-glucopyranoside (9). Thus any conformational 
change occurring in the cyclohexyl ring which would place 
the methyl. group in,.an axial environment .can be discounted 
because the chemical shift changes due to this type of 


conformation are not observed. 
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Lastly, an examination of the chemical shifts 
for the methyl carbon atom supports the contention that 
in all cases the cyclohexyl ring has the Cl conformation 
With both the C-1"* to 0-1)" bond and the methyl substituent 
ingthe di-equatorial form. The methyl carbon atom: reso- 
Mates between 18.3 and 29.2 ppm which 2s normal for the 
resonance observed. in diequatorial trane-2-methylcyclo— 
hesanolich. Tables)... ltethe conformeataon ol the cyclo— 
hexyl ring we such that C-1" to 0-P" bond has obtained 
an axial orientation, it is expected that the methyl 
Garcon chemical, shirt would be closer to the valuerot 
16.2 ppm observed for ets-2-methylcyclohexanol (cf. Table 
(Di Asitee: cdl Ges SUSY Saleh es Vololverardsiehs 

Boat or skew conformations in which the methyl group 
and the C-1' to O-1' bond maintain a di-equatorial rela- 
tionship have not been negated entirely, but it is expected 
that such conformations would be of higher energy than the 
Cl conformation and changes in the carbon-13 spectra of 
carbon atoms remote form C-1', -2' (-6') would be expected. 
Such conformational changes in the cyclohexyl ring would 
occur at carbon centers remote from the glucosidic bond 
system and would be of little help inesrelieving possible 
steric or non-bonded interactions in the region of this 
bond. 

It is thus apparent that the large chemicalishift 


differences observed at the C-1' position are not due to 
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changes occurring in the expected Cl conformation of the 
aglycon with all substituents in an equatorial orientation. 
Furthermore, the magnitude and direction of these changes 
also occur at C-1 of the glucosidic moiety. Since the 
conformation of the glucosidic bond system might berpue- 
sumed to be fixed by the exo anomeric effect, ase 
possible that the differences in carbon-13 chemical shifts 
Gccurmingsac, G- 1. sand). C=) sare PpeEresu CEO pErotacLone L 
changes about the C-1' to O-1' bond, hence changes in the 
orientation of the cyclohexyl aglycon With respecy LO» Lac 
glucopyranoside ring. If any rotational changes are 
occurring that would necessarily alter the conformation 
about the glucosidic linkage, then these changes should 
also be reflected in the carbon-13 chemical shifts at 

the 2' and 6' positions; these, as mentioned earlier were 


observed. 


B. Conformational properties of simp le.vs 


glucopyranosides aes OL Om. 


1. A consideration of methyl D-glucopyranosides. 


It was previously shown that, in solution, the 
methyl aglycon preferred the orientation as depicted in 
conformers o~a and g~a as shown i Sigs) ena. 


respectively, both for reasons of the exo anomeric effect 
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and a consideration of steric and non-bonded interactions. 
Tiawacsealco nocedm(ct.sTaple 1)=thatethervobserved dirferen= 
ces in molecular rotation between the methyl D-glucopyrano- 
sides and their corresponding D-glucopyranoses were constant 
at +103° +4°. This contribution to rotation from the methoxy 
group at C-1 can be explained by referring to the formulas 
shown in Fig. 13. The Newman projection formulas as dis- 
played in this figure are viewed in the direction shown. In 
both the a-a and 8-a conformers, the aglyconic carbon atom 
is gauche to O-5 and trans or anti-periplanar to C-2; thus, 
the cvotacory contribution from the CO/C conformational unit 
is 0° or negligible and the observed rotational differences 
are easily explained by the contributory values of the C./0 
unit based on a torsion angle ¢ = +60°. This C,/9 
asymmetric conformational unit has been assigned values 
Panoingerrvomn 21052. 0077) tomsils® (6 Si) Re 

For the a- and g-anomers, it is seen that the con- 
Gieout Lon tO eres es rotation from the methoxy group is 
reasonably constant for both glucopyranosides. Pais 
observation would suggest that the methyl group ea 2) 
similar conformational environment for both anomers. Sua 
able conformational formulas showing the Oblencations Gite 
methyl aglycon in enantiomeric like glucopyranosides are 
illustrated in Fig. 14. For the purposes of peer one 


the conformational formulas for methyl 8 -D-glucopyranoside 
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D-glucopyranosides showing the contribution to rotation from 
thee mMarhoxy Group at C-1, 


On ° 
a 
2 I OD a 
: “6 See 
a s HO ner 
CHs CHg 
Me 8-D-gluco Me a-L-gluco 
Fig. 14: Conformational formulas showing the orienta- 


tion of the methyl aglycon in enantiomeric like glucopyrano- 
Sides. 
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and methyl a-L-glucopyranoside are shown. The following dis- 
cussion will apply equally as well to the enantiomeric 8- 
and a-D-glucopyranosides. 

As seen, Similar regions about the methyl aglycon 
exist for both anomers, except for the differences in 
Opp ttaliertentatlonect. tilesring oxygen atom. “in the 
enantiomer with the 8-D-gluco configuration, the methyl 
groupesces both the axially and equatorially directed lobes 
of the ring oxygen atom. For the enantiomer with the a- 
eg lvecnconriguration, the axially ortentrated orbital is 
directed away from the methyl group which now views only 
Bhe equatorial lobe of O-5. This difference in orbital 
orientation might be expected to be important from a 
rotational viewpoint, due to the way in which the plane 
of polarized light would view the enantiomeric like gluco- 
pyranoside molecules. However, due to the constant rota- 
tional differences observed for the D-glycopyranosides 
Showin bebie 1, thas orbital -orientataon apparently con— 


fetbuces Lretle-to molecular rotation: 


PeeehEcectosOlLe Subst EUttoneOnm the metnyvigCcarbonls. com 


(aglyconic carbon) of methyl D-glucopyranosides. 


The observed molecular rotations for ethyl, 
isopropyl and cyclohexyl D-glucopyranosides are shown in 


Table 15.9 It) ais interesting to note that the difference 
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in rotation from D-glucopyranose for each respective ano- 
meric pair of glucosides shown is reasonably constant and 
tends to support the enantiomeric like relationship dis- 

cussed previously for methyl D-glucopyranosides. 

Substitution on the aglyconic carbon atom with 
Garoon, gas inthe .ethy | p-glucopyranosides, produces, little 
change in molecular rotation when compared with the 
observed rotations for methyl D-glucopyranosides. The 
Contr DuLTOne tO, molecular rotation fromethe ethyl, aglycon 
can similarily be explained by the Co /0 ime) ee” eet? (elereresectcn 
bution besed on the torsion angle @ +#60°. As the aglyconic 
CarbOnealLOm changes from One Of Primary tolsecondary 
substitution, as is the case with isopropyl and cyclohexyl 
D-glucopyranosides, the difference in molecular rotation 
from D-glucopyranose and methyl D-glucopyranoside is 
Significantly larger and cannot easily be explained by the 
Simple agdLeion, Of the C/O EOLACOLY COMPLI. buciLonwas wace tiie 
case with simple methyl and ethyl D-glucopyranosides. 

It has been shown that for these simple glyco- 
sides there exists considerable evidence for the exo 
anomeric effect and hence the preferred orientation of the 
aglyconic caxbon atom)gauche to thé ring oxygen atom, 
Substitution on the aglyconic carbon, atom, as in these 
mone complexiolucosides ,~as not expected =to change «the 


ftonsion angle, ¢ much com -oU; , bobh strom energy and steric 
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considerations. However, for a secondary aglyconic carbon, 
the orientation of the aglycon itself about the C-1' to 
O-Teebond@(eathe witorsionBangie) isgfailso expected to be 
influenced by the energies associated with non-bonded 
interactions and thereby influence the molecular rota- 
tion. An examination of the structural features about 
the glucosidic linkage in cyclohexyl D- glucopyranosides 
Showsethatl ain addition to the C/O fourvatem asymmetric 
conformational unit there exists two four atom units 
formed by the methylene carbon atoms vicinal to the 
aglyconic carbon atom and C-1 of the glucoside moiety. 
Depending on the orientation of the cyclohexyl aglycon, 
hence the torsion angle wy, the contribution to molecular 
rotation from these CU/e units will either be negligible, 
largely positive, or largely negative. 

In order to assess the possible contributions 
to molecular rotation from the C/C UNnLES> Lt Ls 
necessary to examine the preferred orientations of the 
eycronexy. Yaglycon® about the’ qlucosidic Wankagew + For’ the 
purposes Of Simplitication, this examination wrids consist 
of an analysis of the non-bonded interaction energies 
associated with the three staggered conformers for the 
Orientation of the cyclohexyl ring, where 7» = +60°, -60° 


BanidmiLcoo es Inwthis "consideration and al l= subsequent 
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considerations involving the cyclohexyl ring conformers, 
the’ torsion angle $ is presumably fixed close to 60° 

by the nature of ’the exo anomeric effect. The three 
staggered conformers for cyclohexyl 8 -D-glucopyranoside 
are shown in Fig. 15. The Newman projection formulas, 
Viewed down the O-1' to C-1' bond are also shown in this 
figure to Meruserare Eheswsagn of Lhe contribution, co 
molecular rotation made by the C(/C asymmetric confor- 
mMational units. 

The calculation of the non-bonded interaction 
energies associated with the three staggered conformers 
for cyclohexyl 8-D-glucopyranoside are shown in Table 
16. The energies associated with the gauche interactions 
are not shown in this table as these interactions are 
common to all conformers. The energies quoted for the syn- 
diaxial-like interactions are taken from a book by Stoddart 
(56) and references quoted therein. 

From a consideration of only the energies 
assocvated with theysyn-diaxial—-like interactions, the 
calculations show-sthat the favoured conformers for 
cyclohexyl 8-D-glucopyranoside are in the order d aCe f. 
However, it must be pointed cut that the differences in 
energy between these conformers is not very large and it 
is expected that the differences in free energy associated 
Withethe conversion of one conformer to another are not 


that great. Therefore, as a first approximation, 
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Pig? 15: The three staggered d, ejand £ eConrormers 
for cyclohexyl 8-D-glucopyranoside, ~ Néwman projection 
formulas showing, the sign of the C/e DoaGameiein. 
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TABLE 16 


A non-bonded interaction analysis for the three staggered 


~ 


d, e and f conformers of cyclohexyl 8-D-glucopyranoside 








Conformer 





Non-bonded interactions 





Gauche Syn-diaxial Energy 
(Kcal/mole) 
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it is seen that in the more favoured conformer d the 
contribution to molecular rotation from the C6 /° parameter 
temnedative (cH. big. 15) fueAs observedein=Table.>, the 
difference in molecular rotation between cyclohexyl 8 -D- 
glucopyranoside and methyl 8-D-glucopyranoside:is —39°. 

In both of these glucosides it is assumed that the torsion 
angle ¢ is constant at +60° and therefore the contribution 
to molecular rotation from the CQ /0 parameter is the same 
EOD DOE. COmMpPOUnCS.. 

The 2wesicual molecular rotation observed for 
cyclohexyl 8-D-glucopyranoside, therefore, must come from 
the Ci/e asymmetric conformational units which are not 
found in methyl 8-D-glucopyranoside. Depending on the 
value chosen for this C/E parameter and the relative 
populations of the other two conformers in solution, the 
preference for conformer d on the basis of non-bonded 
interaction energies could explain the residual -39° rota- 
tion observed. An experimental basis for the assignment 
Gm-arvalue to this Co/e GonLormational unitbis to be 
presented shortly as well as a method to calculate the 
relative popudations Of d, “emand £ conformers in solution. 

The three staggered conformers for cyclohexyl 
a-D-glucopyranoside as well as the appropriate Newman 
projection formulas are shown in Big, boterthesnon-bonded 


energies associated with the syn-diaxial-like interactions 


in conformers d, e and f are shown in Table 17. The 
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Hig lO) she Lhiveeyscagcgercd cd, ¢ and £ conformers 
for cyclohexyl o-D-glucopyranoside. Newman projection 
formulas showing the sign of the C/o parameter. 
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TABLE 17 


Non-bonded syn-diaxial like interactions for 


the three staggered d, e and £ conformers 


~ 


for cyclohexyl a-D-glucopyranoside 














Conformer Si Gatelalebaletll Energy 
anteraction (Kcal/mole) 
O//H 0.45 
d 
‘i C//H 0.9 
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calculations show that conformer d is the more favoured 
FOCI cOlUclOn. me liNetoLs: COonrLormer, the signsof the 

C6 /C parameter is positive. In a like manner to that 
described above, a substantial population of conformer d 
in solution could explain the residual molecular rotation 


of +40° observed between cyclohexyl a-D-glucopyranoside 


and methyl o-D-glucopyranoside (cf. Table 15). 


Co) eCOULOtmatiOnal propemtiessor cyclohexyliand trans-— 


2'-methylcyclohexyl D-glucopyranosides in solution. 


1. An @€xperimental basis for the assignment of a value 


to the CO/C parameter. 


imomlem TOmprLoperly assign ayvalue cto the rola— 
PO myeeCONtL EEL TOne LOmetie GCA/C parameters in tie Three 
Stagqgeredmdy pcnandsftconformers, ityisjessential,tlo,search 
for a compound in which one of these conformers would exist 
eilmostecsciusively «in solution...) 4n_examineationgozathe 
Opeicaledata, presentedain Tables 13 xrevealsathataiigs)— 
trans-2'-methylcyclohexyl a-D-glucopyranoside (9) exhibits 
the largest change in molecular rotation when compared with 
its corresponding methyl D-glucopyranoside. In compound 
Gy thesmethy! group ateC=Z "= torms a dextrorotatory screw 


~ 


pattern with the aglyconic oxygen atom O-1'. As was 
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TABLE 18 


Ossermvedumolectvilansrotations ofecyclohexyl,. (l’R)= and 


(1'S)-trans-2~methylcyclohexyl D-glucopyranosides 











Compound No. IM], SG 
2 —104.7 as Ce 

Ss (8=S)7 Teale 2 + 94.2 
Guba) ah ESS 5) abe hShA Ss) 

4 Te 49 s4 + 40.4 

2, (este +476.4 ct ieeea 
v2 (a-R) Tt +2160) 316 - 48.7 





* Difference in molecular rotation from methyl 
D-glucopyranoside. 

+ This notation will be used in the remaining 
duscussioneto denote the contiguration vor the 
substituted trans-2'-cyclohexyl D-glucopyranosides. 
For example, (a-R) denotes, in this partaculargeable, 
(1'R) trans-2'-methylcyclohexyl a-D-glucopyranoside. 
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previously meneioned, (Cts Table 5), this C/O»parameter was 
assigned asvalver of +50°% Subtraction ofthis contribution 
tormolecular rotation from the rotation observed for com— 
pound 9, still leaves a residual difference of +117.4° 
when compared with the rotation of methyl a-D-glucopyrano- 
side. Une possible wconformational equilibria for compound 
GRare presented in) Fig. 17. 

Calculation of the non-bonded interaction energies 
forechnesunsubscituced cyclohexyl xing has shown wthat the 
preterred scontormers are in the order d > e > £.+ Referring 


~ ~ ~ 


COmr cel evtd Ss seen that mm conformer cd the methyl sub- 
Stituent is well away trom possible~steric interactions 
with the glucopyranose ring, especially from interactions 
involving the hydroxymethyl function and the axial hydrogen 
at C-5. Conformer e places the methyl group into close 
proximity with the ring oxygen atom and introduces steric 
crowding with the hydroxymethyl function. The methyl 
substituent in conformer f is situated well away from the 
glucopyranose ring; however, there is a slight steric 
interaction between the axial hydrogen at C-6', the ring 
oxygen atom and the hydroxymethyl seNejereokerel 4  YMeEIS Sik chs 
seen, that conformer d can be, predicted to exist almost 
Gzclusively in solution; beth from a consideration of the 
non-bonded interaction energies associated with syn-diaxial- 


like interactions involving the cyclohexyl ring and from 


steric interactions involving the methyl substituent. 
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Rice  sCOnlLorMactoial, equilibria involving — tue 
Ennee Seageened a, © ands 1, CONLOrmers fOr) (1 5) =~rdnse=25— 
methylcyclohexyl a-D-glucopyranoside (9) 
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The relative importance of conformers e and f are more 


~ ~ 


CPE Pic rOmD led Ce wm CONPOrmer Guis slightly more 


~ 


favoured than conformer f from a consideration of the 
energies associated with syn-diaxial-like interactions but 
is less favoured from a consideration of steric interactions 
involving the glucopyranose ring. 

The evaluation of the optical rotation data 
accumulated in the experimental portion of this thesis 
and related to substitutional effects on rotation arising 


PrOMelitee tN erOCUCt OM Of eSlivstatuencs (CHe7OH or Cl), at 


37 
the C-2' position of cyclohexyl a- and ’8-D-glucopyranosides 
depends on the value given to this C(/c parameter and 

hence the populations assigned to the d, e and f£ conformers 
of compounds 9->" These populations, at present, cannot be 
asstqnmea wrth accuracy. Rather than to*assign a zero popu- 
lation to certain conformers, it was decided to give 
Obviously untavourablesstructunes populations or 0205 "2 0.05 
Mowe=iracttens.» Thus, the freemeneroy found for schesse 
unfavourable conformers can be expected to be in the range 
Of rPeoeLo Imntinite Kcal/mole greater ‘than that found wion 
conformers which should be more favourable in solution from 
a consideration of the energies associated with both steric 
and syn-diaxial-like interactions. Such an energy range 
appears in line with the energy differences for cyclohexyl 
a- and £-D-glucopyranosides inferred in Tables 16 and 17. 


The relative populations for the three staggered orientations 
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of the methylcyclohexyl aglycon in compound 9 are therefore 


arbitrarily assinged as.follows. 


Conformer Population 
d Oo me it > 
e 0.05 + 0.05 
i 0.10 + 0.05 


NOBOCVerRIUStrrrcatlOonsother tiene wiatenas been 
Memeroned ,  /Caneheroiven for the arbitrarily chosen mole 
Praccrlons ©Om tiewmconformers Of compound 9 and it is 
important that the reader bears this matter in mind. The 
observed optical rotation data for the model compounds 
chesem for this study, therefore, cannot be evaluated 
Wremmacculacy. "At best, cme cetection Of trends, based on 
reasonable assumptions is anticipated. 

Since in conformer f, the sum of the CK/C 
rotatory contributions must equal zero, the residual rota- 
tion of *F117° observed for compound 2 must be considered 
derived from the sum of the eer Ae parameter in conformer 
d and the “C/C parameter in conformer e. The maximum 
value for the CU/e parameter is thus calculated from the 
following expression: 


cs = ©) 
x (ns n) ey 


where : 
X= maximum value for the co/c parameter (°) 


n= rotamer population for conformer d which 
~ has been given the value n = 0.85. 
ae rotamer population for conformer e which 


mathasmiecn civenethemvaluen =70 505. 
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This expression gives a value of +146° for the CU/e para- 
meter, which is to be used in all subsequent calculations 
of the populations for conformers d,,e-and, £. 


~ 


AeeeCalicudvetton ofl thew, e and £ rotamer populations 


for cyclohexyl and trans—2'-methyicyclohexyl D- 


glucopyranosides. 


Owing to the difficulty in assessing the population 
OL conrormer e in solutiom due to®8the zero rotational con- 
tribution from the sum of. the cole asymmetric conformational 
Unites) the amount of this conformer. in .sotution will 
BrDplecariiy bewset at 10 2 5%. This conformer should be 
less likely to occur in solution from a consideration of 
the energies associated with syn-diaxial-like non-bonded 
interactions, but might be more important in some compounds 
due to the steric effects associated with substituents on 
the carbon atoms vicinal to the aglyconic carbon atom. 
With this assumption, the relative populations of con- 
formers d and e need now only to be considéered.@ The con- 
formational equilibria involving these two conformers in 
B- and a-D-glucopyranosides is shown in igs ey Lehn 

This calculation of rotamer populations is based 
on the observed molecular rotations of methyl a- and g- 
D-glucopyranosides and the rotations of the compounds 


chosen for this study. It was seen that the differences 
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Fig. 18: Conformational equilibria between conformers 
e and d for 8- and a-D-glucopyranosides. 
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in observed molecular rotation from D-glucopyranose for 
these simple methyl glucosides could be explained by the 
vValuesor the C./9 parameter based on a torsion angle 9 = 
+60°. It is assumed that the value for the torsion angle 
¢, hence the value of the Co /0 parameter is common to 
abietne compounds Co be dyscussed. The calculations of 
the relative populations for conformers d and e are then 
basedvsolely on the contribution to rotation from the Co/e 
conformational units, the sum of which is expected to be 
either negative or positive depending on the conformer 
most preferred in solution. The following equations are 
to be used to calculate the relative population in solu- 
LilOnenoL cy ClLonexy is ander rans =merhy Loyclonexy Lape 


clucopyranosides. 


8 -D-glucosides 


B BMe , a 
tM beep = a a C/Ogt 1 46 (ne n) 
a-D-glucosides 
fe aMe é. 
Le en = [M] eG VAGY sp UNS (Nn, ne.) 
where 
eis = observed molectlarerotation for the @— or 
8-D-glucopyranoside in (°) 
[mene = observec#molecular=1otation for methyl b= 


D-glucopyranoside. [M}e = -66° 
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= observed molecular rotation for methyl a- 


aMe 


D-glucopyranoside, IM], = 53.09% 


C/O applies only to the methylcyclohexyl D- 


{Ht 


glucopyranosides. The value of C/O = + 
50° depending on whether the glucoside 


Hass the (lek or (1S) scontiguration 


n = the relative populations of conformers 


e or d. ne + Ng = SO) ash. 


~ 


~ 


~ 


Sample calculations are given below for G2S9.— 
trans-2'-methylcyclohexyl 8-D-glucopyranoside (5) and (1'R)- 
trans-2'-methylcyclohexyl a-D-glucopyranoside (12). The 
calculated values for the populations of conformers d and 


e are rounded to the nearest 5%. All subsequent calculated 


values are similarly reported. 


Compound > 


BMe 


Lae =) hi SO Re eae ona aes ng) 
a GB AOR EE Obrer oet 46 (n, = ny) 
eee ep te O05 30 
ne, ne nan 0.9.0 
: 2n = 1.20 
is = 0°60 


I 
j=) 


n, = 0-60 n 30 n. = 0.10. 
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Compound 12 


Molin = M5 - C/o + 146 Mm, - 1.) 
260M =" 300"? — "50" +146 (ng = n.) 
ee ou es 0 
i + a = 0.9 
nj, = 0.45 se 0.45 ne = O20 


The calculated values for the relative populations 
of conformers d nye for cyclohexyl and trans-2°-methyl-— 
cyclohexyl D-glucopyranosides are summarized in Table 19. 
The most favoured rotamer in solution for cyclohexyl 8- and 
e-D-giucepyrancosides (247and\ 4) was calculated to be . di). 
Siliceminsbotm compounds the equatorial substituents at H* 
and E are hydrogens, the equilibrium between conformers e and 
dad should be directed mainly by the energies associated with 
syn-diaxial like non-bonded interactions in these two con- 
formers. This was shown previously. to favour ‘confomier dd 
Tie equatorial hydrogen ab EY in contommern ¢ sispdisected 
towards: the substituents at C-5 and hence at) is vexpected 
thatthe equilibrium would) shift more im Cavour, Ole contormer 
ae 


When the equatorial substituent at E' is methyl, 


as in compounds 6 and 9, the equilibrium should be shifted 


B£t 
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TABLE 19 


Relative populations for the d, e, and f conformers 


1necycronexy ts 


methylcyclohexyl D-glucopyranosides 





~ 


(1'R)- and (1'S)-trans=-2!- 





Compound No. d 
2 0.60 
Deneees) 0.30 
6 (B-R) O75 
4 0.60 
9° (a-S) Opie cals) 
12 (a-R) 0.45 
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more in favour of the d conformer, as now there are severe 
interactions between the methyl substituent, the ring oxygen 
atom and the hydroxymethyl function at C-5. The calculations 
based on the observed molecular rotations for these two com- 
pounds illustrate this shift in conformational equilibrium. 

A consideration of the effects of methyl substi- 
tution at E shows™that for (1'°S)-trans-2'-methylcyclohexyl 
8-D-glucopyranoside (5) the equilibrium is now directed more 
in favour of conformer e, despite the lower energy found 
for conformer d on the basis of syn-diaxial-like interactions 


~ 


However, in conformer d the methyl substituent is directed 
Underneaca the Glucopyranose ring and “Severe steric inter— 
actions exist between the axial hydrogens at C-1l and C-5. 
Conformer d, therefore, must be less favoured from this 
consideration. 

Substitution at E, as in (1'R)-trans-2'-methyl-— 
cyclohexyl a-D-glucopyranoside (12) seems to shift the 
equilibrium nether in favour of conformers! d nor e 
Conformer e directs the methyl substituents well away from 
the glucopyranose ring and no severe steric interactions 
Gxist; except the syn-diaxial—-like interaction between the 
C-6' methylene group and the ring oxygen atom. Some steric 
interaction exists between the methyl substituent and the 


ecudavonlalaiydrogen at C=ljin contormmer d,_. but thas conror— 
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basis of syn-diaxial-like interactions. The calculations, 
therefore, seem to show a compromise between the energies 
associated with syn-diaxial-like interactions and the 
energies due to steric effects involving substituent groups. 
The calculation of rotamer populations by the use 
Oremolecular rotation data, therefore, seems to correlate 
well with considerations based on syn-diaxial-like non- 
bonded interactions and steric interactions associated with 
equatorial substituents. The method has at least shown the 
trend in conformational equilibrium. Whether the calculated 
numerical values are meaningful is questionable, as it was 
assumed in all cases that the torsion angle 4 was constant 
at 60° and the maximum value allowed for the Co/C parameter 
was fixed by assuming values for the rotamer populations of 


compound 9. 


SeeerCOrreratron Of Carbon-l1s chemicals shitte with the 


Caleutacea populations for conformers d,7e and =f. 


Differences in the assigned carbon-13 chemical 
itm mOCCULT Migr at. C=) la —O) and] Ole 2a ney Cle ae at 
and trans-2'-methylcyclohexyl D-glucopyranosides were 
previously noted. The fact that differences in the c.m.r. 
spectra of these compounds occur, would seem to indicate 
the presence of the type of conformational equilibria dis- 


cussed. An attempt, therefore, will be made to correlate 
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this carbon-13 data with the rotamer populations just 
calculated. The assigned values of the carbon-13 chemical 
shifts to be discussed are presented in Table 20. The 
calculated values for the chemical shifts at the 2! and/or 
6' methylene carbon atoms by a method about to be illustrated 
Sleea SOs SnOWwn 1m this etable. 

In order to facilitatesthe calculation of |carbon- 
13 chemical shifts, it is necessary to examine the relative 
conformational positions in conformers d, e and f, that each 
methylene carbon in cyclohexyl D-glucopyranosides (C-2' and 
C-6') and in trans-2'-methylcyclohexyl D-glucopyranosides 
(€=6 3) Occupies = For reference these positions will be 
elavaclerized bysthe syn-diaxials=liake amteractions associ-— 
ated with the methylene carbon atoms. These relative 
positions are summarized in Table 21. There remains now 
tO assign a value to the carbon-13 shifts of the methylene 
carbons at the conformational positions characterized. 

From an analysis of the three staggered conformers 
for (1'S)-trans-2'-methylcyclohexyl a-D-glucopyranoside (9), 
it was shown that conformer d existed almost exclusively in 
solution. The observed carbon-13 chemical shift atj}the 
€-6' methylene carbon\atom is 3071 ppm. Therefore,) the value 
assigned to the methylene carbon atom characterized by C//H 
must be small.: A value of ‘30 ppm will be thus assigned to 
themethy lene: carbon ametins positions. [neta —teane—2 1— 


methylcyclohexyl a-D-glucopyranoside (12), the calculations 
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showed that the populations of conformers 4d Enaee were equal 
and the observed chemical shift for the methylene carbon 
atom at C-6' is 33.7 ppm. Therefore, the values assigned 
to the chemical shifts characterized by C//e and C//O must 
both be relatively larger than the value of 30 ppm assigned 
to the C//H position. On gaing from compound’ 12 to (1'S)- 
trans-2'- methylcyclohexyl 8-D-glucopyranoside (5)',, the 
population of conformer e is increased to 60%, the population 
of d is decreased to 30% and the population of conformer i 
Eemains the same at 103) The chemical shift at the c-6’ 
methylene carbon in both compounds 5 and 12 remains unchanged. 
Piererore, elie value Of the chemical shift occuring at the 
position characterized by C//O must be larger than the value 
given to the C//fe position. These chemical shifts.are 
BeOGeawor I yeasstgned. at 35 ppmetor C//0 and 33 ppm for C//e. 
The values assigned to the carbon-13 chemical shifts thus 
characterized are summarized in Table 21. 

Values for the C-2" and/or C-6". methylene carbon 
ALOncmieey ClLOnexy | ana trone—-2'=nethyilcyclonexy 1 D-aiuceo-— 
pyranosides may then be calculated by using the numerical 
values of the calculated rotamer populations for each com- 
pound and the values assigned to the carbon-13 resonances 
Occurring In each of conzormerssd,, Gand G. Ai example of 


this calculation is given below for (1'R)-trans-2'-methyl- 

























zed 


[evom: e@tew =» Gna -b a ‘to enmitelugoeg sag tans Saba” 
nadieo saofihisem. eft wo¥ 232de Laoimeds bayxvads eit bas - : on 


bacnpiues ssulay oft ,stotezed? ymgg tT. 6s et ‘a+ 46 ee 4 
tun O\AD bee o\\9. ve. bos iyetosipds agtida feoreate ors oF 
Psi; : ‘o may OF Jo oulev SHS 24073 4 Spe s yieviisler od dtod - 
a + EI bepodwenm. mori price AO eats eee W\\D sa? of 
ot «67 4 Jacnsz1yaccdle-c-4 lyxe oloyoltyrizem.=" S-anead 
yw ary .FGO o: ase Tonl e) & weroetad Be foits Luqog 
+o cOideleaod edt barn ?0¢ 63 beassetes eld ae 
2 Iss eri 7 }f 465 smtae SAS enismex 
eqfames § ice 2 recquinty Adod ab AoUTA9) ateL yada 
; ae 7 ; - ony t Ye sulev ari motsrst?® 
Dey > Ac - apt a | J Yl beti¢vetoeists nota Leoq: q 
ce -2 bide a -oitiz2zoqg #\\9 off 62 SSvEe 
£ O\A‘D tet oq €€ Se Piges ae 
Suns. a2Jtice 1859: me Cl-mecMe LA is oF, bsaprera eaplag eat 
efdat at hex a ors bsttresastedo: = 
hoc _ ate Ledivou ‘BAD wi sf nG *< ‘) ads 262 eoulsV . “ 
“oawle~a tyxariote ois fiven-' S<-sKo%2 ane iyeeiioye ni ‘amore. 


a 2 


dap biwase ‘os sai ‘Wo Sisedioted ed madd yom ant haneas sa i a 
F one - _ 
sit Hone Bate mnotse Luqog ere bode ttio.Lps odd Be 


ES 


7 , 










- - 
of ra 
i ». a 


146 


cyclohesylee-Drglucepyranoside (6), where the relative 
populations in conformers d, e and f£f, respectively, were 


estimated eto be 752, 15%, and 108. 


ony, 


13 


Calculation of the C shitt at C=-6" in compound 6 


cape es (C//e)m tne (C70) 
On 5a Sur Oe oo =e O eLOa(e5) 
ee Ae = 310. ppm « 


thevealtculated carbon-13 shigetseand athe Bei pater 
chempeal isha ttstas shown in Tabber20 “are lin: qoodsagree— 
ment, which lends some credibility to the values arbitrarily 
given to the resonances characterized by C//H, C//e and 
C7720Ganae ends partial supportmto wthertreatment, of @tiie 
observed optical rotation data. 

The observed) chemical shift changesyoccurring at 
Ge -erancdec—i'ksaresnione dunhiicultiito rebionalize., Monsadem, 
first. ofeall» the @—D-glucopyrmanosides .in ined? S)i- teas 20 
methylcyclohexyl 8-D-glucopyranoside (5) the chemical shift 
ateC-1 of B04 0" ppmecompares favourably with that observed 
for methyl 8-D-glucopyranoside (89) and methyl 8-D-cello- 
biosiae (095)... Calculation of’ rotamexmipopu lations showed 
that compound 5 existed predominantly as conformer e in solu- 


tion. In contrast, the C-1 chemical shifts for compounds 2 


and 6 are shielded by ~ 3.5 ppm when compared with the shift 
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observed for compound 5. Cyclohexyl and (1'R)-trans-2'~ 
methylcyclohexyl g§-D-glucopyranosides (2 and 6) were shown 
Lose Uotslargelyuinscontommer doin Solution, Inwthis 
particular conformer, for both compounds, the hydrogens 

at the C-6' methylene carbon are directed toward the gluco- 
pyranose ring and interact with the axial hydrogen at C-l. 
Sewanee LecacttOnsinvolLvingsC—l 1S novetound 1necompound 
5. Furthermore, the values of the carbon-13 shifts at C-6' 


~ 


for compounds 2 and 6 are shielded relative to that obser- 
MeO) aeecC-ONetOR Compound .. Dt is thus apparent that. steric 
or non-bonded interactions in conformer d are responsible 
for the observed chemical shift changes occurring at C-1. 
Presumably, the same factors are responsible for the obser- 
ved shielding in the C-1' resonance of compound 6 compared 
Willie tiiat.OOServed 1n compound 5. Lhe resonancesor tie 
methyl carbon atom remains unchanged for compounds 5 and 6, 
Wheremits OLvientation in the © and d conformers, respectively, 
is well away from Steric or non-bonded interactions with the 
glucopyranose ring. 

Tre C- l chemicals ili Ol (leh) er ror oe. eile ery ee 
cyclohexyl o-D-glucopyranoside (12) compares favourably with 
that observed for methyl a-D-glucopyranoside (89) and methyl 
B-Demaltopyrancside (95). The chemical shitt at this 


position in compounds 4 and 9 is shielded and, petty dkate= 


manner to that described above, this shielding seems to 
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be controlled by the relative proportions of conformer d 

in solution. A slight shielding of ~ 1 ppm is observed 

in the chemical shift of the methyl carbon in (1'R)-trans- 
2'-methylcyclohexyl a-D-glucopyranoside (12) as compared with 
that observed in the corresponding (1'S)-derivative (9). 

This can possibly be explained by. the steric interaction 
between the methyl substituent and the hydrogen at C-l, 


which is present in conformer d of compound 12. 


4. X-ray crystal structure of (1'S)-trans-2'-methyl- 


eyotonexyi. 3-D-gilucopyrancoside, (5)... 


The preceding discussion on the calculation of 
BOtaterepOultacrons LOL the crans—-2 *=methyleyclohexy) D— 
glucopyranosides has shown that the relative proportions 
of conformers d, e and £ in solution were controlled 
Wativiy "oy sterile interactions involving the methyl sub= 
Strcuenc. The crystal structure analyses of these substi- 
tutedecyclomexy !D-glucopyranocsides were, therefore, 
Unodertaren (si) “to Obtain possible supporltingvevicdence 
i? favour of the calculatiom of rotamer, populations based 
On OpticalesOLationecdata. = Ac tlewcimeT Orel toe writing, 
only the crystal structure of compound 5 is available. 

Thee Values tor the torsrvon= angles (¢, »), £rom 
the crystal structure of compound 5 are eS ee Chen) oe 


Similar values for the torsion angles ((¢,.4)) ane found 
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for methyl 8-D-cellobioside (71). Differences in the 
torsion angle 4 in the solid state from that predicted in 
Solution (¢ = £60°) have been previously noted for 1,4-3- 

and 1,4-0-linked disaccharides (cf. Table 3). These 
differences were attributed to the intermolecular and crystal 
packing forces present in the solid state which were expected 
to play an important part in establishing the conformation 

of these compounds. 

On the basis of optical rotation data, (1'S)-trans- 
2'-methylcyclohexyl 8-D-glucopyranoside was shown to exist 
predominantly in conformer e in which the torsion angles 
(enum rare (+60 00° )= = These values ror the LoOrsion 
angles=(¢, v)" insolution are not Pear Gat Ler eta from elOse 
pecervechune the solid state. aif, indeed, the value for 
the torsion angle ¢ in solution is governed by the exo 
anomeric effect, as was assumed, then the conformation for 
compound 5 found in the solid state correlates nicely with 


that predicted to exist most favourably in solution. 


D. Conformational properties of trans-2'-hydroxy- 
cyclohexyl and trans-2'-chlorocyclohexyl D- 


glucopyranosides in solution. 


A study of the conformational equilibria involving 


the three staggered orientations of the aglycon (yj = -60°, 
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TOO @ OU mei netheuhvaroxycvclohexy) and chlorocvclohexy 1 
D-glucopyranosidés was undertaken primaraly to assess the 
effect that, polar substituents had on the conformation 

about the glucosidic bond system. Apart from the steric 
effects associated with these substituent groups, the polar 
nature of the hydroxy or chloro substituent might be expected 
to influence the relative populations found in solution 

for conformers d, e and f. Hydrogen bonding with the solvent 
GQwmethea clucopyranosesringgin theshydroxycyclohexyl desiva-— 
tives might also be expected to be important in favouring 


one Conftormer over another. 


The observed molecular rotations for these D- 
glucosides are presented in Table 22. Quite apparent irom 
this table is the striking similarity between the observed 
molecular rotations for the 2'-chloro and 2'-hydroxy sub- 
stituted D-glucosides and the rotations for the 2'-methyl 
derivatives presented in Table 18. The-ondy large change 
in molecular rotation occurs in (1'R)-trans-2'-hydroxycyclo- 
hexyl 8-D-glucopyranoside (14). 

The relative populations in conformers d, e and 
£ for the compounds shown in Table 22, are Calculated jin) a 
similar manner to those of the trans-2'-methylcyclohexyl D- 
glucopyranosides. All assumptions are the same. The C7 Oo 
parameter for the methyl group and the aglyconic oxygen 
atom in a gauche relationship is necessarily replaced by 


the O/O parameter for the hydroxy derivatives and the C1/0 
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TABLE. 22 


BRS! 


Observed molecular rotations for trans-2‘*-hydroxycyclohexyl 


and trans-2'-chlorocyclohexyl D-glucopyranosides 
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TABLE 23 


Relative populations for the Gd, e-and sf, conformers 
in trans-2'-hydroxycyclohexyl and trans- 


2'-chlorocyclohexyl D-glucopyranosides 











Compound No. d e £ 
13 Ore Se 0.60 00 
21 OFS 0 0.60 O20 
14 0.60 0.30 0 <elk0 
22 One7 0 Onz0 Cheah 
17 Ohete 0F.05 0.10 
25 0.35 ORO O20 
20 0.45 0.45 OreLO 
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parameter for the chloro derivatives. . The O/O and C1/0 
Domanoterce nayesbeen previously assiqnedeyalues or +552. 
The a e and £ conformer populations for the 2'-hydroxy 
and 2'-chlorocyclohexyl glucosides are summarized in 
We Lome o. 

As is expected on the basas of the observed 
molecular rotations, the populations for confGrmers dz e 


~ 


anadst acre similar to: those observed for the trans—2'— 
methylcyclohexyl D-glucopyranosides. The notable exception 
CCCcurs: in compound 14, where a difference in@molecutar rota] 
tion from that observed for compounds 6 and 22 was noted. 
The calculations show for compound 14 an increase in the 
population of conformer e when compared Wilt cis pOopula— 


~ 


tion in compounds 6 and 22. This can possibly be explained 
by the tendency to form a weak intramolecular hydrogen bond 
between the hydroxy substituent at C-2' and the Tincgeoxygen 
atom. This would only be possible in conformer e. Simi.var 
hydrogen bonds involving the pyranoid oxygen atom have been 
Observed in the solid state for 8-D—-cellobiose | (10) sendemeriva 
@=p=-cellobioside (71). This type of hydrogen bonding is 

also postulated to exist in solution between contiguous 
cellobiose residues in cellulose (20). However, the 

increase in the population of conformer e Leenotrt lates Ups 


stantial and, in water, the tendency to Form this antra- 


molecular hydrogen bond must be considered to be small. 
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As was the case with the methylcyclohexyl D- 
glucopyranosides, changes in the carbon-13 chemical shifts 
at) C-iand C-1" aregevidenced for the hydroxycyclohexyl] and 
chlorocyclohexyl D-glucopyranosides. These chemical shift 
changes are of the same magnitude and direction as those 
observed for the methylcyclohexyl derivatives. Changes in 
Carbon-i3 shifts similar to those observed for the methyl— 
eyclohexyl D-glucosides also occur at the C-6" methylene 
CaLroonmeacomec ee tie chemical sitrts occurring at Coy in the 
chlorocyclohexyl D-glucopyranosides may be calculated using 
the chemical shift values for the various methylene positions 
in conformers d, e and £, which were previously outlined. 
Since there is little difference between the observed C-6' 
chemical. shattsstor the chlorocyclohexy lsand methylicyclo-= 
hexyl D-glucopyranosides and their rotamer populations are 
similax, the calculated values for the shift:at C-6" would 
show good agreement with the chemical shift values observed. 
The C-6' resonances in the hydroxycyclohexyl D-glucopyrano- 
sides are shielded slightly from those observed in their 
corresponding methyl- and chloro-substituted derivatives and 
their calculation by the method previously outlined would 
give poorer results. 

It thus seems that the relative populations found 
in conformers d, e and f for all the mono-substituted eyclo- 
hexyl D-glucopyranosides are eontrowied Simply) by steric 


interactions, involving. the) substituent, at, C-2%.) Amore 
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polar substituent appears to have little effect on the» con- 
formations about™the glucosidic bond system,. except for 
compound 14, where a small shift in the conformational 


equilibrium between the d and e conformers was noted. 


~ ~ 


Bee Conformationaleuropet2es of (2° R)-trane- (6.5) > 


- trans-Dimethylcyclohexyl D-glucopyranosides. 


Tiehasehpeen showm that the orientation of the 
aglycon about the glucopyranoside linkage is dependent 
mainly on the steric interactions associated With, an equa— 
torial substituent vicinal to the aglyconic carbon atom. 

The dimethylcyclohexyl derivatives are important in under— 
standing the conformational properties about the qlucesidic 
bond system because these derivatives possess thegconLagu— 
rational relationships of both the (1'R)- and (1'S)-trans- 
2'-methylcyclohexyl D-glucopyranosides. Before a considera 
tion of the conformational equilibria involving the dimethyl 
derivatives, it is of interest to compare the Canon 3 
spectra of the glucosidic moiety of these compounds with 
that of simple methyl D-glucopyranosides. The assigned 
Ghemical shifts occurring at C-2 to C6 an (2'R) =trans-— 
(6'S)-trans-dimethylcyclohexyl a- and 8-glucopyranosides 
(B2eandecO) (ct lable 3 jm show little deviation from those 


observed for methyl a- and 8-D-glucopyranosides (89). 
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PNewLeactethiat ng saat cant changes are yobserved ae Co2, 
C-5 and,C-6 in the dimethyl derivatives would necessarily 
rule out any of the three staggered d, e or £ conformers 
that would direct the equatorial methyl substituent towards 
the hydroxy substatuent ae C-2 or theshydrogen and hydroxy- 
methy Defunctvon-ab C-5, 

The molecular rotationvot (2'R)-travs-(6'S)-rrans— 
dimethylcyclohexyl 8-D-glucopyranoside (30), -52.3°, is 
remarkably similar to that observed for methyl 8-D-gluco- 
pyranoside. In compound 30, thevsum Of thelr rotarory  con= 
Eributions from the C/O parameters will necessarily be 
Zeroreas the methyl substituent at C€-6G" forms ay dextrarota— 
tory screw pattern with the aglyconic oxygen atom while the 
methyl substituent at C-2' forms a levorotatory screw 
pattern with the aglyconic oxygen atom. Therefore, Tne OLGer 
tovexplain the samilar molecular rotation to methyl B-D- 
glucopyranoside by methods previously discussed, the sum 
Ofeciie co/e parameters in compound 39 must also tend to 
approach zero as in conformer ty or else the populations 
found, in. conformers dd or e must be the same. 

The conformational equilibria involving the d, 

e and £ conformers for compound 30 are Shown ei ny tage: aloe 
As shown in this figure, conformer e is unfavoured due to 


the steric interactions involving the methyl substituent 


at C-2' and the glucopyranose ring. This was shown to be 
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(6'S)-trans-dimethylcyclohexyl 8-D-glucopyranoside (30). 
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Epiesi Nee hewcarct lay lOn@ore, OLAMNeSr™ POD ct BOs er or compound 


Gn Ne methyl  groupmace c-6"" in, conformer ad is directed, under 


~ 
~ 


the pyranose ring and severe interactions exist between the 
axial auyarogens at C-lVand C->." This conformer=must there- 
fore be relatively unstable. This was evidenced in the 
conformational equilibrium between the d and e conformers 
in compound 5. In conformer f, no severe steric interactions 
exist between the equatorial methyl substituents and the 
glucopyranose ring, but some steric interaction is noted 
between the axial hydrogen at C-6', the ring oxygen atom 
and the hydroxymethyl function. However, conformer f must 
be predicted to exist almost exclusively in solution for 
(2'R)-trans- (6'S)-trans-dimethylcyclohexyl 8-D~glucopyrano- 
Side (30) in order to explain the observed molecular rota- 
tion for this compound. Thus with di-equatorial substitu- 
tion on the carbon atoms vicinal to the aglyconic carbon 
atom, it is apparent that the controlling preference Lor 
the orientation of the cyclohexyl aglycon about the gluco- 
sidic linkage is found in the tendency to minimize the 
steric interactions involving the methyl substituents. 

With these interactions definitely minimized in conformer 
f, the molecule seems content to suffermpthe eyy-dtaxials 
like non-bonded interactions between C-2'//H-1 anos C= 


6'//o-5 and the steric interactions involving the axial 


hydrogen at C-6'. 
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The C-1 chemical shift for compound 30 was found 
POmbom! Ogia/appm (Ct. lable 13), which issnotgrar removed 
fvomechat observed .for (1 ¢S)'—trans~-2"-methylocyclohexy1. Bq 
D-glucopyranoside (5) (cf. Table 10). In both these compounds, 
the value of the C-1 chemical shift is deshielded relative 
to those observed for compounds _2 and 6, which were shown 


~ 


COmGX1 Sian argel Vein atbesa.contormers:. 
Similar support can be derived from the calcula- 
tions therchemical shifts .occunringgat the ,.C-2*.and,G-6" 


methylene positions in compound 30 which are shown below. 


C-2' Methylene carbon 


C/7 Her £50 sppm) 


eee oe a Oar 3. 0)) 
= 30 ppm 
§ Sa eh hee oO 6 05.6 04) 2 ee Oe 
obs 
C-6) Methylene carbon 
C7 / Gm ete (OI) 
oe t PaO ess) 
= 35 0pm 
6 S recht .39 Toe M(5.0o 42 G04)? Sa Tee 0.4 
obs 


The calculated values of the chemical Shitts “tor 


the C-2' and C-6' methylene carbons show reasonable agreement 
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Wich thatreooscerved byetaking santo account thera -stitt ertect 
associated with the equatorial methyl substituent on C-2! 
and C-6'. This evidence from Ea ae studies, therefore, 
supports the trend in conformational equilibria discussed 
for the dimethylcyclohexyl @-D-glucopyranosides (30). 

Te: Observed moLecularerotation of (27 RY-—orans- 
(6'S)-trans-dimethylcyclohexyl a-D-glucopyranoside (32), 
BATE 3°) wiseremarkably camilar to sthatgobserved for cyclo- 
hexyl a-D-glucopyranoside (4). The conformational equi- 
Prbriawinvolving= tne. d,e aha f conformers for compound 32 
are presented in ea a. Thee ceersred rotamer populations 
for cyclohexyl a-D-glucopyranoside (4) were as follows: 
0.60d, 0.30e and 0.10 f. However, applying these rotamer 
populations to the conformational equilibria shown in Fig. 
20 to explain the cbserved molecular rotation for compound 
32 poses a few problems. 

The lange molecular rotation observed for he S 
trans-2'-methylcyclohexyl a-D-glucopyranoside (2) was 
explained by postulating that the severe steric interactions 
between the methyl substituent, the ring oxygen atom and 


the hydroxymethyl function made the existence of conformer 


e in solution negligible. The methyl group at c-6' in 


~ 


conformer e for compound 32 is similarly orientated and 


~ ~ 


thus to assume that this conformer existed to the extent 


of 30% in solution is contrary to the results obtained for 
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Fig. 20: Conformational equilibria for (2'R)-trans- 
(6'S)-trans-dimethylcyclohexyl a-D-glucopyranoside (32) 
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compound 2. A consideration of the effects of substitution 
Pumcentormer cd weveals shat sihe melhyiroup at Ca2 UW anterq 
acts strongly with the anomeric hydrogen. A situation 
Siniwenetoernis Occurs nm contormer vd tor (LR) -trane—2- 
methylcyclohexyl a-D-glucopyranoside (12), where the 

WODU waclOnsote this rotamer was calculated tobe 6452... iene 
fore, tosvassume that the population of conformer d is more 
than 45% (as is observed for cyclohexyl a-D-glucopyranoside 
(4) ) would tend to negate the treatment of optical rotation 
data discussed previously for the mono-substituted cyclohexyl 
D-glucopyranosides. Similar to the e and d conformers, 
conformer f is not without interactions involving the methyl 
substituent. In this conformer, the equatorial methyl sub- 
ehituenteateCa2' is directed toward the axial hydrogen and 
hydroxymethyl function at C-5. To Summarize, the severesc 
interaction involving methyl substituents occurs in conformer 
e. The probable equilibrium which, therefore, must be 


~ 


considered is that involving conformers d and f. 

In order to explain the observed molecule Totas 
tion for compound 32 by methods previously descri ped, etic 
populations of conformers d and £ are calculated™to be, 
respectively, 30% and 70%. If this lis "indeéd the case for 


compound 32 (the £ conformer was Shown  COlexe St akmose 


exclusively in solution for the dimethylcyclohexyl 8-D- 
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glucopyranoside ({(30))-7 then the steric interactions in 


~ 


conformer di must outweighethoses found in conformer £. 


~ =a 


Possible support for these calculated rotamer 
populations can be derived from carbon-13 chemical shift 
sruares for compoundes2. “As observed in Table 13, the C-1 
chemical shift was assigned at 99.1 ppm. This is similar 
corthes00.6 pom chemical shift assagned@tortc-l in (eR 
trans-2'-methylcyclohexyl a-D~glucopyranoside (12), where 


~ 


the population of conformer d in solution was calculated 
COmvDereon. “he trace thae the C=-1 chemical shiftt found: tor 
Seonpound 32 1s deshvelded from the values observed for 
Gompounds 4 and 9 {populations for the rd contormers are, 
Tespectively, 602 and 752) would suggest that, indeed, the 
Teleatave population for contormer d must’ be low andenearer 
Pomevarecalculacea £Ox Compound 12. 7A calculation of the 


chemical shittel, (ormtthe (C=2 and G-GUimethyleneicarbons 


is given below for compound 32. 
C-~2' Methylene carbon 
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C-6' Methylene carbon 


CA/ Sind 038 3 ppm} 


C/ytiei fas Oppm) 


Sonic: Sly SHOU ESE Sled he okey hme ORNS) 


Sete SO Sh tte eo. et On 4 eee 2 te OLA) 


This agreement between the observed and calculated 
methylene carbon chemical shifts tends to support the treat- 
ment of the possible conformational equilibria for the 


dimethylcyclohexyl a-D-glucopyranoside 32. 


ho Opt caleroration, studies of cyclohexyl 6-deoxy= and 
Oe oe eee 


trans-2'-methylcyclohexyl 6-deoxy-D-glucopyranosides. 


These 6-deoxy derivatives were synthesized pri- 
Marily to determine the contribution to*molecular rotation 
from, the exo-cyclic hydroxymethyl function at C—5 andeassess 
possible effects that .methyl substitution, on the agiycon 
would have on this molecular property. A comparison between 
the observed molecular rotations of compounds 2, ey oe ©) 


~ ~ ~ ~ 


and 12 and their 6-deoxy derivatives is presented in Table 


~ 


24. 


~ 


In all cases reported, the hydroxymethyl grouping 


contributes ~ +33° to the observed molecular rotation 
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TABLE 24 


A comparison of the observed molecular rotations for 
cyclohexyl and trans-2'-methylcyclohexyl D-gluco- 


pyranosides and their 6-deoxy derivatives 




















° [e) 
Compound SuoscLcuenteat Cc.) [M] , AIM], 
CH,OH 104), 7° +32.0 
37 CH, slbetey. 7/ 
CH, OH To 20% 2 +32.6 
oe CH, - 4,4 
CH.OH —-199.5 wees 
owe CH, 2 ey, 
4 CH.OH +349.4 tone 
39 CH, +3162 
9 CH.OH +476 .4 +33.2 
46 CH. +443.1 
a2 CH.OH . +260.3 +32.5 
516: CH. +220 
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Of the =D-qlucopyranosides shown. Similar contributions to 
rolLationuare observedstorn the exo-cyclic C-5 substituent 

in oS and 8-D-glucopyranose and their methyl D-glucopyrano- 
Sides (65). 

Tia isechis sarparentacia se substicutionvonsrhe 
CanrooOneacoMsmay Vol naletomrne ad lycomc caLroon Mave no ce: Lect 
on the orientation of the hydroxymethyl function. This 
supports the previous treatment of conformational equilibria 
for the staggered d, e and f conformers for the mono- 
substituted ere ronee rn nee tet oeur nos des where it was 
shown that any conformer which directed the equatorial 


substituent towards the hydroxymethyl function was 


disfavoured. 
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IV CONCLUSIONS 


This project has wsed primarily optical activity, 
at the D-line of sodium, to study the effects of equatorial 
SubStLltuents, VWicindl to. the aglyconic@ carbon, on the con- 
FOrmatronal preferences for the orventation of the cyclo- 
hexyl aglycon about the glucosidic bond system in solution. 
It was found that the observed molecular roations for the 
model compounds could be analyzed in terms of the three 
staggered orientations for the 6-membered aglycon using 
the simple empirical rules for#the calculation of molecular 
rotation eevee by Lemieux and Martin (65) . 

The use of carbon-13 natural abundance c.m.r. as a 
means of detecting conformational changes about the glyco- 
Sidic bond system in’ solution and, in the determination® of 
rotomer populations about the aglyconic bond was demonstrated. 

It was shown that substituents vicinal to the aglyconic 
carbon atom have a profound effect on the orientation of 
the 6-membered aglycon in solution. The cyclohexyl ag ly— 
con was seen to rotate about the aglyconic bond (G1 Co 
O-1' bond) in the direction away from large Stera Coane ne 
actions involving these substituents. Changing the nature 
of the substituent in the 2’ position of tne aglycone. nom 
Methyu,cto. Chloro, Lo hydroxy) had Littlepet rect on this 


rotational tendency. 


A small change in the conformer populations of (1%R)- 
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trans-2'-hydroxycyclohexyl 8-D-glucopyranoside (6) was 
noted and was analyzed in terms of the possible formation 
of a weak intramolecular hydrogen bond between 0-5 and 0-2' 
in solution. However, since the observed change in rotamer 
populations was relatively small compared with that observed 
fom derivatives with a methy! or chloro substatuent inwthe 
Sanemooett1On, tio econe ugec thal this styper of nydvougen 
bond formation is negligible in polar solvents such’ as water. 

From optical rotation studies on trans—2'-methy1l- 
cyclohexyl 6-deoxy-D-glucopyronosides, it is concluded that 
the orientation of the exo-cyclic C-5 hydroxymethyl function 
jo tittle attected by the complexity of the agiycon. 

This systematic study of the conformations about the 
G@lucosid1cG linkage in solutions has, therefore, provided 
experimental evidence in support of earlier observations 
by Rees (3) pertaining to polysaccharide conformational 


analysis by the method of computer model-building. 
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